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Letter  of  Transmittal. 


November  10,  1905. 
Honorable  Board  of  Public  Service  of  Columbus,  Ohio: 
Gentlemen:— 

I  herewith  transmit  the  Report  on  Sewage  Purification  at 
Columbus,  Ohio,  by  Mr.  George  A.  Johnson,  Engineer  in  Charge 
of  the  Sewage  Testing  Station  from  June,  1904,  to  date.  The 
report  is  final  and  covers  the  full  period  of  the  operation  of  the 
Sewage  Testing  Station  during  a  portion  of  the  years  1904  and 
1905. 

I  concur  in  the  recommendations  therein  made. 

Respectfully, 

( Signed. ) 

Julian  Griggs, 

Chief  Engineer. 
Honorable  H.  0.  Pond, 

President  Board  of  Public  Service. 


Report  on  Sewage  Purification 
at  Columbus,  Ohio. 


Introductory  Chapter. 


Columbus,  Ohio,  November  10,  1905. 
Mr.  Julian  Griggs,  Chief  Engineer,  Board  of  Public  Service, 
Columbus,  Ohio: 
Dear  Sir: 

Herewith  is  submitted  a  full  and  final  report  upon  the  re- 
sults accomplished  at  the  Sewage  Testing  Station  during  a  study 
of  certain  processes  of  sewage  purification  with  reference  to 
their  relative  applicability  in  the  efficient  and  economical  treat- 
ment of  the  local  sewage. 

RESUME  OF  THE  SEW^AGE  PROBLEM  AT  COLUMBUS. 

In  order  that  the  relation  of  the  Testing  Station  at  Colum- 
bus to  the  solution  of  the  sewage  problem  may  be  more  fully 
appreciated,  it  is  desirable  at  the  outset  to  record  the  leading 
featuies  attending  the  local  conditions  and  to  refer  briefly  to  the 
earlier  steps  taken  with  regard  to  sewage  disposal  for  this  city. 

Columbus  is  located  somewhat  southwest  of  the  center  of 
the  State  of  Ohio,  and  distant  about  100  miles  from  Lake  Erie. 
It  is  on  the  upper  portion  of  the  watershed  of  the  Scioto  River, 
which  is  joined  within  the  city  by  the  Olentangy  River.  The 
upper  Scioto  River  has  a  drainage  area  of  1,053  square  miles 
and  the  Olentangy  River  612  square  miles. 

Columbus  had  a  population  in  1900  of  125,000,  and  accord- 
ing to  the  best  available  information  from  school  census  returns 
and  the  number  of  new  dwellings  built  during  the  past  five 
years  it  is  estimated  that  the  present  population  is  in  round 
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numbers  150,000.  This  figure  is  without  doubt  conservative,  and 
in  view  of  some  estimates  reaching  175,000  people  will  be  con- 
sidered by  many  to  be  too  small. 

As  shown  on  the  accompanying  map,  the  City  of  Columbus 
in  plan  resembles  somewhat  a  Greek  cross  and  is  situated  upon 
three  principal  watersheds,  that  of  the  Scioto  and  the  Olentangy 
Rivers  and  Alum  Creek.  The  latter  stream  has  a  drainage  area 
of  about  180  square  miles  and  flows  along  the  eastern  limits  of 
the  city.  It  receives  the  sewage  from  the  eastern  residential  dis- 
trict, and  enters  the  Scioto  River  a  short  distance  below  the  city 
limits. 

Like  most  American  cities,  Columbus  is  only  partly  pro- 
vided with  sewers,  and  it  is  probable  that  not  more  than  100,000 
people  are  at  present  actually  connected  with  the  sewerage 
system.  About  90  per  cent,  of  this  population  are  connected  with 
sewers  draining  into  the  Scioto  and  Olentani^y  Rivers,  the  com- 
bined drainage  area  of  which  is  about  1,665  square  miles.  The 
stream  flow  below  the  city  of  Columbus  ranges  from  30  to 
50,000  cubic  feet  per  second  for  extreme  low  and  high  water 
conditions.  The  ordinary  low  flow  is  from  about  30  to  50  cubic 
feet  per  second,  corresponding  roughly  to  a  dilution  of  0.5  foot 
per  second  per  1,000  of  population  connected  with  the  sewers.. 
On  the  basis  of  four  cubic  feet  per  sf^cond  per  1,000  of  popula- 
tion being  adequate  dilution  to  eliminate  nuisances,  the  present 
stream  flow  would  take  care  of  the  sewage  of  about.  10,000  people. 

During  very  dry  weather  the  Scioto  River  opposite  and  just 
below  the  city  of  Columbus  is  often  putrescent,  unsightly  and 
foul-smelling.  The  river  receives  several  tributaries  within  quite 
a  short  distance  of  the  city,  with  the  result  that  nuisances  are 
confined  to  a  rather  unexpectedly  short  distance  below  the  city 
sewers.  From  Columbus  to  the  mouth  of  the  Scioto  River  the 
distance  by  water  is  roughly  100  miles,  and  as  the  stream  flows 
through  this  distance  its  waters  are  in  no  instance  used  for 
domestic  purposes  and  practically  not  used  for  manufacturing. 
From  the  mouth  of  the  Scioto  River  at  Portsmouth  there  are 
practically  no  water  supplies  taken  from  the  Ohio  River  for  a 
distance  of  100  miles,  until  there  is  reached  the  city  of  Cin- 
cinnati, Ohio,  and  the  adjoining  cities  of  Covington  and  New- 
port, Kentucky.     Thus  it  is  seen  that  for  an  inland  city  the 
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problem  of  sewage  disposal  at  Columbus  is  to  rather  an  unusual 
degree  one  of  eliminating  nuisances  in  the  immediate  vicinity 
of  the  city  rather  than  effecting  a  degree  of  purification  from  the 
standpoint  of  the  pollution  of  the  water  supplies  of  nearby 
cities. 

As  to  soil  conditions  Columbus  is  somewhat  unusually  situ- 
ated. It  lies  in  a  limestone  valley  within  the  limits  but  near  the 
southern  termination  of  the  glacial  drift  formation.  While  there 
are  thick  layers  of  coarse  sand  and  gravel  covering  large  areas 
within  and  near  the  city,  careful  investigation  has  shown  that 
they  have  practically  little  value  from  the  standpoint  of  sewage 
purification,  owing  to  the  fact  that  they  are  overlaid  with  com- 
paratively thick  layers  of  clay  or  practically  impervious  ma- 
terial. Thus  on  the  site  recently  purchased  for  the  purification 
works,  coarse  sand  is  found  at  a  depth  of  about  3  to  5  feet  below 
the  surface  of  the  ground.  As  it  lies,  however,  this  coarse 
material  is  much  less  available  for  sewage  purification  than 
would  appear  at  first  sight,  owing  to  the  fact  that  it  is  situated 
quite  low  with  reference  to  ground  water  level. 

The  first  step  taken  toward  the  purification  of  the  Columbus 
sewage  was  a  report  made  by  Messrs.  Julian  Griggs,  City 
Engineer,  and  Mr.  John  W.  Alvord,  Consulting  Engineer,  on 
May  1,  1898.  This  comprehensive  report  was  based  upon  the 
best  current  information  then  available,  and  took  into  consider- 
ation a  series  of  projects  involving  all  the  well-known  methods 
which  were  under  general  consideration  both  in  this  country  and 
in  England.  Besides  improvements  for  the  system  of  collecting 
sewers,  an  intercepting  sewer  and  pumping  station,  they  recom- 
mended mechanical  screening  of  the  sewage  and  its  double  filtra- 
tion through  coke  at  a  net  rate  of  half  a  million  gallons  per  acre 
daily.  Their  report  was  based  upon  a  plant  having  a  capacity 
of  20,000,000  gallons  daily.  They  advised  that  two  acres  of 
these  coke  beds,  practically  contact  filters,  be  built  at  the  start 
and  operated  under  expert  supervision  for  one  full  season.  At 
the  end  of  this  period,  with  these  practical  experiences,  the 
remaining  beds  were  to  be  constructed. 

The  question  remained  practically  in  abeyance  for  two 
years,  when  a  City  Sewer  Commission  was  appointed  and 
further  attention  was  given  to  the  subject.    Mr.  Julian  Griggs, 
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City  Engineer,  was  also  the  engineer  to  this  commission,  which 
worked  in  conjunction  with  the  regular  municipal  departments. 
On  October  30,  1900,  Mr.  Griggs  reported  to  this  commission 
further  details,  the  principal  feature  of  interest  being  estimates 
of  cost  for  two  projects,  one  of  which  involved  the  construction 
of  septic  tanks  and  intermittent  filtration  through  sand,  aiter 
having  come  to  the  conclusion  that  contact  filters  would  be  too 
expensive  from  the  operating  standpoint,  even  if  used  in  con- 
junction with  septic  tanks.  The  other  project  was  a  tentative 
one  and  consisted  in  providing  20  septic  tanks  of  concrete  having 
an  aggregate  capacity  of  10,000,000  gallons,  equal  to  the  average 
flow  for  12  hours. 

This  septic  treatment,  recommended  by  the  Sewer  Commis- 
sion partly  on  the  ground  of  economy,  was  submitted  to  the 
State  Board  of  Health  and  was  disapproved  on  January  29, 
1901,  by  that  board  on  the  ground  that  there  was  inadequate 
evidence  that  the  plant  proposed  would  serve  its  purpose  at 
times  of  low  water. 

Shortly  afterwards,  the  Director  of  Public  Improvements 
retained  Mr.  Rudolph  Hering,  Consulting  Engineer,  of  New 
York  City,  to  review  and  advise  with  reference  to  this  problem. 
Mr.  Hering  submitted  a  report  on  May  6,  1901,  and  recom- 
mended in  brief  the  construction  of  the  various  improvements 
advised  by  Mr.  Griggs  as  to  additional  jsewers,  pumping  station, 
forcemain,  etc.,  and  also  the  construction  of  an  artificial  purifica- 
tion plant  consisting  of  septic  tanks  and  intermittent  sand 
filters  built  of  sand  taken  from  the  shores  of  Lake  Erie.  He,  too, 
advised  that  a  tentative  installment  be  made,  and  that  the  results 
of  testing  a  portion  of  the  plant  be  utilized  in  determining  the 
advisability  of  building  the  entire  plant  on  the  basis  of  settling 
or  septic  tanks  holding  12  hours'  flow,  and  intermittent  sand 
filters  operated  at  a  rate  of  about  250,000  gallons  per  acre  per 
24  hours.  Another  feature  of  this  report  was  that  the  filters 
were  not  to  be  operated  during  those  periods  of  relatively  high 
water  when  the  sewage  could  be  disposed  of  by  dilution  on  the 
basis  of  four  cubic  feet  per  second  per  1,000  of  population. 

The  State  Board  of  Health  approved  this  plan,  subject  to 
a  few  very  reasonable  qualifications  as  to  the  adequateness  of 
the  design  and  the  reliability  of  its  operation.     In  their  reply 
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they  seemed  doubtful  as  to  the  adequateness  of  the  data  to  show 
the  practicability  of  the  septic  tank  under  local  conditions,  and 
they  recommended,  without  making  it  a  condition  of  their  ap- 
proval, that  the  matter  be  investigated  further,  at  least  by 
building  the  plant  in  a  tentative  manner.  This  approval  was 
sent  to  the  city  on  July  2,  1901. 

No  further  reports  were  made  nor  actions  taken  upon 
this  subject  until  the  question  was  submitted  to  the  people  at 
the  election  of  November,  1903,  when  a  bond  is^ue  of  $1,200,000 
for  the  purpose  was  voted  upon.  The  vote  was  favorable,  and 
in  accordance  with  the  attitude  of  the  city  administration  and 
its  engineering  advisor,  Mr.  Griggs,  that  of  the  consulting 
engineers,  Mr.  Alvord  and  Mr.  Hering,  and  that  of  the  State 
Board  of  Health,  consideration  was  early  given  to  the  question 
of  a  testing  station  and  procedures  which  would  result  in 
adjusting  the  design  of  the  purification  works  to  the  various 
local  conditions. 

OBJECT  OF   THE   TESTS. 

The  object  of  these  tests  was  to  ascertain  in  practical  terms 
the  composition  and  individuality  of  the  Columbus  sewage,  and 
the  most  practicable  treatment  with  reference  both  to  the  pre- 
liminary and  preparatory  processes  as  well  as  with  reference  to 
the  filtration  or  final  step  of  the  process. 

From  the  foregoing  resume  of  the  earlier  reports  it  will  be 
noted  that  mechanical  screening,  septic  tainks  and  septic  tanks 
or  settling  basins  had  each  been  recommended  for  the  prepara- 
tory treatment,  and  that  coke  contact  filters  and  intermittent 
sand  filters  built  of  material  brought  from  Lake  Erie,  a  dis- 
tance of  more  than  100  miles  had  each  been  recommended  at 
one  time  or  another.  It  is  also  to  be  stated  that  sprinkling 
filters  naturally  come  in  for  some  discussion,  since  they  had 
proved  themselves  in  several  instances  in  England  to  be  eflScient 
and  economical,  comparatively  speaking,  and  for  this  reason 
they  had  been  recommended  in  January,  1903,  for  adoption  at 
Atlanta,  Georgia,  by  Mr.  Rudolph  Hering.  He  and  Mr.  George 
W.  Fuller  were  appointed  Consulting  Engineers  carrying 
out  these  improved  sewerage  works  in  Columbus.  Sprinkling 
filters  had  never  been  tried  thoroughly  under  such  severe  winter 
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conditions  as  prevail  at  Columbus,  and  the  method  was  for  that 
reason  viewed  with  much  apprehension  for  local  application.  It 
iwas  nevertheless  decided  to  test  these  filters,  as  w  'II  as  contact 
filters,  sand  filters,  coke  strainers,  chemical  precipitation,  septic 
treatment  and  plain  sedimentation  in  making  a  c&reful  study  to 
ascertain  the  most  practicable  procedure  for  each  step  in  the  pro- 
cess of  purification  which  would  give  to  the  city  of  Columbus 
efficient  sewage  purification  at  a  minimum  expense. 

BRIEF  DESCRIPTION  OF  TESTING  STATION. 

After  deciding  upon  a  schedule  of  operation  to  be  carried 
out,  and  after  Council,  acting  upon  the  advice  of  the  Chief 
Engineer  and  the  consulting  engineers,  had  decided  to  devote 
the  sum  of  $46,000,  approximately  equalling  the  interest  for  one 
year  on  the  total  cost  of  these  improvements,  a  testing  station 
was  designed  under  the  immediate  direction  of  Mr.  John  H. 
Gregory,  who,  in  January,  1904,  was  retained  by  the  Board  of 
Public  Service  to  act  as  principal  assistant  engineer  in  immedi- 
ate charge  of  carrying  out  the  new  works,  both  for  improved 
sewerage  and  improved  water  supply. 

This  station  was  placed  under  contract  May  14,  1904,  and 
its  equipment  was  commenced  on  June  15,  1904,  the  date  when 
the  writer  reported  to  the  Chief  Engineer  to  take  charge  of  the 
testing  station.  Owing  to  strikes  and  several  other  minor  delays 
which  were  unavoidable,  it  was  not  until  the  middle  of  August 
that  the  tests  could  be  regularly  begun.  The  devices  tested 
comprised,  first,  seven  rectangular  tanks,  each  of  a  capacity  of 
17,000  gallons;  two  coke  strainers,  130  and  44  square  feet  in 
area,  respectively;  four  primary  contact  filters  and  two  second- 
ary contact  filters ;  five  sprinkling  filters  of  broken  limestone,  and 
twenty-one  sand  filters,  together  with  various  other  appurten- 
ances and  devices  necessary  to  make  the  tests  complete. 

The  testing  station  was  located  near  the  lower  end  of  the 
intercepting  sewer  draining  the  main  sewerage  district,  which 
includes  the  business  portion  of  the  city.  The  arrangement  of 
this  testing  station  is  shown  on  Plate  II.,  and  is  described  in 
detail  in  Chapter  II.  of  this  report.  Here  it  is  sufficient  to  say 
that  the  testing  station  purified  about  350,000  gallons  of  sewage 
daily  until  June  30,  1905,  when  regular  operations  were  sus- 
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pended.  During  July,  1905,  various  special  tests  were  made  in 
order  to  throw  further  light  upon  the  most  adequate  design  for 
the  large  purification  works.  From  August  1st  to  the  present 
time  efforts  at  the  testing  station  have  been  directed  to  the  com- 
pilation of  the  data,  first  to  furnish  the  more  necessary  informa- 
tion required  by  the  designing  department,  and,  secondly,  to 
get  them  in  shape  in  this  report  for  permanent  record. 

AMOUNT    OF    ANALYTICAL    WORK. 

In  addition  to  the  various  necessary  observations  of  an 
engineering  character,  especial  attention  throughout  these  tests 
was  paid  to  obtaining  the  analytical  data  needed  in  the  premises. 
•Samples  of  crude  sewage  were  collected  at  half-hourly  intervals 
throughout  the  day,  and  frequent  analyses  w^ere  made  of  samples 
from  the  influent  and  effluent  of  all  devices  tested. 

Some  idea  and  extent  of  the  scope  of  this  work  may  be 
obtained  from  the  statement  that  3,270  chemical  analyses  were 
made,  4,356  bacterial  analyses,  483  special  analyses  for  sus- 
pended matter  and  130  analyses  of  sludge.  Besides  these 
-analyses  considerable  attention  was  devoted  to  improving 
Analytical  methods  as  applied  to  local  conditions  and  in  study- 
ing the  bacterial  flora  of  the  local  sewage  and  various  effluents. 

FORCE   EMPLOYED. 

The  regular  force  employed  during  these  tests  averaged 
fourteen  men  besides  the  writer,  as  follows : 

Mr.  A.  Elliott  Kimberly,  Chemist. 
Mr.  William  K.  Copeland,  Bacteriologist. 
Mr.  George  P.  Shute,  Assistant  Engineer. 
Mr.  John  W.  Davitt,  Assistant  in  Engineering. 
Mr.  Guy  Britton,  Assistant  in  Engineering. 
Mr.  M.  G.  Roberts,  Assistant  in  Chemistry. 
Mr.  Harry  B.  Hommon,  Assistant  in  Chemistry. 
Mr.  Clarence  B.   Hoover,  Assistant  in  Bacteriology    (En- 
gaged September  1,  1904). 

Mr.  J.  Dorsey  Knox,  Assistant  in  Bacteriology. 

Mr.  Arthur  McArthur,  Inspector. 

Mr.  Frank  L.  Davis,  Inspector. 

Mr.  C.  P.  Lott,  Inspector  (Resigned  January  15,  1905). 
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Mr.    George  H.  Scott,  Stenographer  (Engaged  Jan.  15, 1905). 
Mr.  W.  E.  Walter,  Janitor. 

Mr.  Copeland  resigned  as  bacteriologist  on  May  1,  and  for 
about  six  weeks  his  place  was  taken  by  Mr.  George  E.  Willcomb. 
Mr.  W.  S.  Jennings  served  as  assistant  bacteriologist  for  a  few 
weeks  at  the  beginning.  Mr.  A.  E.  Theobold  served  as  inspector 
until  October  8,  1904,  and  in  the  same  capacity  Mr.  W.  H.  Dittoe 
was  engaged  on  May  1,  1905. 

In  addition  to  the  regular  staff  of  assistants  it  was  necessary 
to  employ  at  times  carpenters,  pipe-fitters,  tinsmiths  and  labor- 
ers to  make  certain  repairs  and  alterations. 

ACKNOWLEDGMENTS. 

The  writer  desires  to  express  his  thorough  appreciation  of 
the  fidelity  and  constant  interest  in  the  work  displayed  by  his 
assistants.  The  long  hours  of  daily  service  were  cheerfully  given 
by  all,  and  to  them  is  due  a  large  share  of  the  credit  for  what- 
ever success  has  been  accomplished  during  the  tests.  The  writer 
further  desires  to  make  special  acknowledgment  of  the  valuable 
assistance  rendered  by  Mr.  A.  E.  Kimberly  and  Mr.  G.  P.  Shute 
during  the  preparation  of  this  report. 

The  writer  wishes  to  express  his  appreciation  of  the  many 
courtesies  extended  to  him  by  the  members  of  the  Board  of  Public 
Service  and  other  city  officials,  whereby  the  work  was  greatly 
facilitated. 

It  is  a  pleasure  as  well  as  a  duty  to  record  the  writer  ^s  deep 
obligations  to  the  Chief  Engineer  for  his  constant  courtesy  and 
frequent  advice  during  the  tests. 

Acknowledgment  is  also  due  the  many  valuable  suggestions 
offered  during  the  course  of  the  work  by  Mr.  John  H.  Gregory, 
Principal  Assistant  Engineer,  and  to  the  members  of  the  Engi- 
neering Department  of  the  city  for  frequently  rendered  assist- 
ance. 

To  Messrs.  Hering  and  Fuller,  Consulting  Engineers,  is  due 
acknowledgment  for  frequent  suggestions,  advice,  criticism  and 
friendly  co-operation  based  upon  their  wide  familiarity  with 
progress  in  this  branch  of  engineering  in  various  places  in 
America  and  Europe. 
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COST  OP  THE  INVESTIGATIONS. 

The  total  expenditure  for  these  investigations  to  date 
amounts  to  $44,004.03,  and  was  distributed  as  follows : 

First  cost  of  the  Testing  Station,  including 

all  tanks,  piping  buildings  and  land $19,093  90 

Filtering  material    349  19 

Laboratory  equipment  (apparatus  and  sup- 
plies)         3,098  14 

Office  furnishings  and  supplies 1,001  61 

General  supplies  (including  tools,  ice,  gas).     1,383  04 

Electric  current  for  pumping 1,406  50 

Salaries   17,375  23 

Incidentals   296  42 

Total    $44,004  03 

Balance  November  10,  1905 1,995  97 

Regarding  the  above  expenditures  it  is  to  be  borne  in  mind 
that  as  it  stands  the  station  possesses  some  market  value. 
Further,  the  office  furnishings  and  laboratory  equipment  are  in 
fair  condition  and  can  be  utilized  at  the  main  works  when  com- 
pleted. There  still  remains  a  balance  from  the  original  fund  of 
$1,995.97  to  defray  the  expense  of  publishing  this  report. 

LIST   OP    CHAPTERS. 

In  the  body  of  the  report  are  contained  only  the  necessary 
descriptions  and  the  more  important  average  and  final  data, 
with  such  comparative  information,  records,  efficiencies  and  re- 
sumes as  are  usually  given  in  summarized  form  in  noting  the 
practical  points  established.  In  the  appendices  are  to  be  found 
the  more  detailed  data  as  a  matter  of  record  for  reference  if  de- 
sired. It  has  been  the  endeavor  to  make  the  leading  features 
readily  ascertainable  from  the  resume  at  the  close  of  each  chapter 
and  the  final  summary. 

A  list  of  the  chapters  into  which  the  report  is  divided  is 
given  below : 

Chapter  I.       Composition  of  the  Columbus  Sewage. 
Chapter  II.     Description  of  the  Sewage  Testing  Station. 
Chapter  III.    The    Preparatory    Treatment    of    Columbus 

Sewage. 
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Chapter  IV.  Treatment  of  Columbus  Sewage  by  Sand  Fil- 
ters. 

Chapter  V.      Treatment  of  Columbus  Sewage  by  Contact 

Filters. 

Chapter  VI.  Treatment  of  Columbus  Sewage  by  Sprink- 
ling Filters. 

Chapter  VII.  Summary  and  Conclusions. 

Appendices. 


Chapter  I. 


Composition  of  Columbus  Sewage. 


The  testing  station  was  located  on  the  interceptiiig" 
sewer,  at  a  point  about  1.75  miles  from  the  center  of  the  city.  It 
was  about  0.35  mile  from  the  present  main  outfall  and  about 
1.5  miles  from  the  site  of  the  proposed  purification  works.  All 
of  the  sewage  used  in  the  tests  was  pumped  from  this  sewer. 

LEADING  FEATURES  REGARDING  THE  MAIN  SEWERAGE  DISTRICT. 

Area,  The  main  sewerage  district  embraces  an  area  of 
about  6,790  acres.  In  general  terms  this  district  is  bounded  on 
the  north  and  south  by  the  corporation  line,  on  the  east  by 
Eighteenth  Street  and  the  west  by  the  Scioto  River.  Practically 
all  of  the  district  is  built  up. 

Population.  The  total  population  of  the  city  at  the  present 
time  may  be  estimated  at  about  150,000.  About  one-half  this^ 
number,  or  75,000  persons,  have  connection  at  present  with  the 
intercepting  sewer  which  drains  the  main  sewerage  district.  The 
total  population  of  this  district  is  about  100,000. 

Streets  and  Pavements.  There  are  in  this  district  195  miles 
of  streets,  of  which  99  miles,  or  51  per  cent,  are  paved ;  11  miles^ 
or  5.6  per  cent.,  are  macadamized ;  and  85  miles,  or  44  per  cent, 
have  dirt  surfaces. 

Sewers.  The  entire  sewerage  system  of  the  main  sewerage 
district  is  laid  out  on  the  combined  plan,  and  therefore  collects 
in  the  same  sewers  the  domestic  and  industrial  wastes  of  the 
district,  together  with  the  street  drainage  and  storm  water. 

The  intercepting  sewer  is  about  7  miles  in  length.  Exclu- 
sive of  house  connections  the  entire  street  and  intercepting^ 
sewers  in  this  district  have  a  length  of  about  112  miles. 

Intercepting  Sewer.  There  are  in  all  twenty-two  main 
sewers   discharging  into   the   intercepting  sewer  and  draining^ 
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areas  ranging  from  2,100  acres  to  about  5  acres.  In  all  cases  the 
main  sewers  are  laid  at  a  higher  elevation  than  the  interceptor 
and  during  storms  are  connected  with  the  river  at  the  pverflow 
chambers  at  the  several  sewer  junctions. 

The  location  of  the  intercepting  sewer  is  made  clear  by  the 
map  (Plate  I.)  accompanying  this  report,  and  which  shows  the 
main  sewerage  district  and  the  location  of  the  testing  station. 
Roughly  estimated  under  conditions  of  normal  flow,  25  per  cent, 
of  the  sewage  reached  the  station  in  1.2  hours ;  50  per  cent,  in  2 
hours ;  75  per  cent,  in  3  hours  and  100  per  cent,  in  5  hours. 

Overflows.  At  the  junction  of  each  main  sewer  with  the 
intercepting  sewer,  provision  is  made  whereby  the  dry  weather 
flow  of  the  main  sewers  is  discharged  into  the  interceptor,  while 
at  times  of  storms  the  excess  flow  is  by-passed  to  the  river. 

The  volume  of  sewage  received  by  the  intercepting  sewer  is 
affected  by  the  condition  of  the  overflow  orifices  at  their  inter- 
section with  the  main  sewers.  These  orifices  become  clogged 
with  large  floating  matters  at  irregular  intervals,  particularly 
following  storms,  and  must  be  frequently  cleared  of  these  ob- 
structions before  the  normal  degree  of  interception  is  again 
effected  by  the  interceptor.  Systematic  inspection  of  the  inter- 
ceptors is  made  by  the  Engineering  Department,  and  records  are 
carefully  kept  of  the  condition  in  which  the  various  overflow 
orifices  are  found  at  such  times.  Where  clogged  conditions  are 
noted  they  are  of  course  immediately  remedied.  During  the 
period  covered  by  these  tests,  namely,  from  August  16,  1904, 
to  June  30,  1905,  inclusive,  forty-four  inspections  were  made 
of  the  interceptors,  or  about  four  inspections  per  month.  A 
summarized  record  of  these  inspections  is  presented  in  the  next 
table. 

Regarding  these  records  it  is  to  be  stated,  that  by  the  column 
designated  as  ''Times  Found  Clogged,''  is  meant,  in  more  pre- 
cise terms,  that  the  overflow  orifice  was  found  to  be  obstructed 
by  boards,  rags,  paper,  tin  cans  or  like  material.  It  should  not 
be  taken  to  mean  that  at  such  times  the  entire  flow  of  the  feeders 
was  passing  directly  into  the  river,  but  rather  that  part  of  the 
flow  was  being  diverted  from  the  intercepting  sewer. 

In  the  near  future  it  is  understood  that  improvements  will 
be  made  in  these  orifices. 
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The  overflows  did  not  appear  to  exert  particular  influence 
upon  the  average  character  of  the  sewage  used  in  the  tests,  since 
when  th^  overflows  were  free  from  obstructions  they  came  into 
service  only  at  times  when  the  intercepting  sewer  was  completely 
filled  with  storm  water. 


Results  of  Inspections  of  Overflow  Orifices  at  the  Intersection 
oJ  the  Central  Intercepting  Sewer  and  the  Main  Sewers. 


OB 
V 

U 

s 
c 

hi 

Q 

Approximate  Dis- 
tance from  Test- 
in  sr  .station 
(Miles) 

Drainage  Area  in 
Acres 

Record  of  Inspections 

MAIN  SEWER 

Times  Found 
Clog- {fed 

Times  Found 
Open 

Per  Cent,  of 
Time  Clog-ged 

Markison  avenue 

Moler  street 

48 
50 
36 
12 
84 
15 
36 
48 
54 
30 
12 
15 
48 
42&60 
126 
60 
96 
36 
24 
48 
93 
42 
48 

-0.38 
0.04 
0.76 
1.02 
1.14 
1.33 
1.36 
1.59 
1.64 
1.70 
1.78 
1.78 
1.85 
1.89 
2.18 
2.20 
2.46 
3.60 
3.77 
4.27 
4  70 
5.29 
5.87 

100 

616 

IS 

5 

845 

10 

5 

81 

0 

13 

10 
? 

• 

7 

342 

469 

173 

2,114 

44 

24 

74 

1,527 

122 

193 

0 
4 

5 

•    • 

36 

33 

2 

0 

0 

1 

18 

18 

0 

2 

4 

15 

14 

5 

4 

1 

0 

3 

2 

44 
40 
39 

*   • 

8 
11 
42 
44 
44 
43 
26 
26 
44 
42 
40 
29 
30 
39 
40 
43 
44 
41 
42 

0 
9 

Schiller  street 

CoUeire  street 

11 

Peters  Run 

Court  street 

82 

75 

Mound  street 

5 

Rich  street 

0 

Walnut  St.  (Relief)    .  . 
Town  street 

0 
2 

State  street  (S.  S.) 

State  street  (N.  S.) 

Capital  street 

Broad  street 

41 

41 

0 

5 

Spring-  street 

West  street 

9 

34 

Cozzens  street 

First  avenue 

32 
11 

Fourth  avenue 

9 

King*  avenue 

2 

Indianola  avenue 

Joe  alley 

Hudson  street 

0 

7 
5 

WATER   SUPPLY. 

The  public  water  supply  is  nominally  obtained  from  infiltra- 
tion galleries  and  shallow  wells.  For  a  long  time,  however,  it 
has  been  necessary  at  intervals  to  supplement  the  ground  water 
to  a  greater  or  less  degree  with  Scioto  River  water  at  the  Western 
Pumping  Station  and  with  Alum  Creek  water  at  the  Eastern 
Station. 
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The  water  is  very  hard,  the  total  hardness  ranging  from 
300  to  600  parts  per  million;  ordinarily  about  60  per  cent,  of 
this  is  alkalinity  (carbonates)  ajid  40  per  cent,  incrustants  (sul- 
phates).   The  ratio  of  lime  to  magnesium  is  about  2  to  1. 

According  to  the  records  of  the  meters  on  the  force  mains 
the  daily  consumption  of  water  varies  from  9.9  to  15.0  million 
gallons  according  to  the  season  of  the  year,  or  from  about  66  to 
100  gallons  per  inhabitant  per  day.  About  80  per  cent,  of  the 
service  connections  are  metered. 

Owing  to  the  extreme  hardness  of  the  public  water  supply 
a  great  many  rain  water  cisterns  are  in  use.  Water  from  in- 
dividual wells  is  also  quite  extensively  used  in  certain  sections 
of  the  city.  The  quantity  of  soft  cistern  water  and  private  well 
water  used  daily  in  Columbus  is  estimated  at  1,500,000  gallons. 

VOLUME   OF  EXTREME  DRY  WEATHER   SEWAGE. 

The  discharge  of  the  intercepting  sewer  was  weired 
at  the  outfall  and  the  weir  readings  converted  into  volumes  of 
flow  by  means  of  Francis'  formula.  For  15  weeks  previous  to 
December  15,  1904,  the  total  precipitation  was  1.22  inches,  or 
about  10  per  cent,  of  the  normal  for  that  season  of  the  year. 
From  November  12  to  December  9,  1904,  inclusive,  the  total  pre- 
cipitation was  0.02  inch.  The  only  precipitation  noted  during 
the  period  in  which  extreme  dry  weather  observations  were  re- 
corded, amounted  to  0.26  inch,  resulting  from  snow  which  fell 
on  December  10.  The  absorptive  properties  of  the  soil  were 
naturally  at  the  maximum  at  that  time,  and  this  snowfall  had  no 
apparent  effect  on  the  volume  of  the  sewage  flow.  From  a  con- 
tinuous series  of  observations  made  from  December  2  to  Decem- 
ber 9,  1904,  inclusive,  the  average  week-day  extreme  dry  weather 
flow  was  found  to  be  8.4  million  gallons.  The  average  flows 
during  this  extreme  dry  weather  period  for  the  different  days 
of  the  week  are  shown  in  the  following  table : 

Table  Shoiving  the  Volume  of  Extreme 

Dry  Weather  Sewage  Flow. 

(Million  Gallons.) 


Sunday 

Monday 

Tuesday   Wednesday 

Thursday 

Friday 

Saturday 

7.3 

9.1 

8.5          8.5 

8.4 

8.6 

8.6 

L 


COMPOSITION   OF  COLUMBUS  S]^WAGE 


17 


VOLUME  OF  ORDINARY  DRY  WEATHER  SEWAGE. 

For  ordinary  dry  weather  conditions  the  average  discharge 
of  the  intercepting  sewer  was  9.1  million  galloms  daily. 
The  volume  of  flow  of  course  varied  somewhat  throughout  the 
week,  but  it  will  be  noted  that  on  an  average  it  was  about  700,000 
gallons  per  day  greater  than  during  the  extremely  dry  weather- 
period  above  described. 

The  minimum  rate  of  discharge  was  usually  noted  betweeni 
6  and  7  o^clock  each  morning,  while  the  maximum  discharge 
occurred  between  1  and  5  o  ^clock  each  afternoon.  A  representa- 
tive record  of  the  hourly  relation  of  Sunday  and  week-day 
sewage  flows  is  presented  below.  For  additional  data  relative- 
to  sewage  flows  the  reader  is  referred  to  Appendix  I. 

Hourly  Eelation  of  Sunday  to  Week-Day  Flows. 


Averajre  Volume  of  Sewajre  Flow. 

! 1 ■                                                  

Per  Cent,  which  Hourly  Rate  of  ■ 

HOUR 

Million  Gallons  Dailj 

Discharge  is  of  the  Average 

ENDING 

• 

Sandaj 

Week-Day 

Average 

Sunday 

Week-Day 

Average 

1   A.  M . 

8.2 

7.7 

7.8 

105 

83 

86 

2       ** 

7.9 

7.4 

7.5 

103 

80 

82 

3       ** 

7.5 

7.2 

7.2' 

97 

-   77 

79 

4       *• 

7.3 

7.0 

7.1 

95 

75       . 

78 

5       ** 

7.0 

6.9 

6.9 

91 

74 

76 

6       *' 

6.9 

t).8 

6.8 

90 

73 

75 

7       ** 

6.9 

6.8 

6.8 

90. 

73 

75 

8       »*. 

6.9 

7.3 

7.2 

90 

78 

79 

9       »* 

7.4 

9.0 

8.7 

96 

97 

96 

10       " 

7.8 

10.3 

10.0 

101 

111. 

110 

11       ** 

8.1 

11.0 

10.6 

105 

118 

117 

12  M. 

8.3 

11.4 

11.0 

108 

123 

121 

1  P.  M. 

8.3 

11.5 

11.1 

108 

124 

122 

2       ** 

8.3 

11.6 

11.1 

108 

125 

122 

3       *• 

8  3 

11.6 

11.1 

108 

125 

122 

4       *' 

8.3 

11.6 

11.1 

108 

125 

122 

5       *• 

8.2 

11.6 

11.1 

107 

125 

122 

6       ** 

8.1 

11.5 

11  0 

105 

124 

121 

7       *• 

7.9 

10.9 

10.4 

103 

117 

114 

8      ** 

7.8 

9.8 

9.5 

101 

115 

104 

9      «' 

7.7 

9.1 

8.9 

100 

97 

98 

10      ** 

7.7 

8.7 

8.6 

100 

94 

94 

11      " 

7.6 

8.4 

8.3 

99 

90 

91   . 

12 

7.4 

8.2 

B.l 

96      - 

■      88     • 

89 

Total.. 

7.7 

9.3 

9:1 

1                                .       ■ 

18  REPORT   ON   SEWAGE   PURIFICATION 

TRADE  WASTES, 

Manufacturing  wastes  were  occasionally  apparent  in  the 
sewage -as  pumped  at  the  testing  station.  At  times  when  the 
sewage  flow  was  low  because  of  drought  or  owing  to  clogging  of 
the  overflow  orifices,  such  wastes  would  be  in  evidence  for  short 
periods  in  considerable  volume.  The  complete  identity  of  these 
wastes  was  more  or  less  obscured  by  the  dilution  effected  by  the 
normal  sewage,  but  several  of  the  waste  liquors  were  sufficiently 
characteristic  to  allow  of  their  separation  into  four  distinct 
classes.  The  indications  were  that  these  different  wastes  were 
discharged  from  dye  houses,  tanneries,  breweries  and  iron  works. 
These  wastes,  it  must  be  distinctly  understood,  were  not  in  evi- 
dence sufficiently  often,  nor  were  they  present  in  sufficient 
volume  to  interfere  much  with  the  true  domestic  character  of  the 
Columbus  sewage  as  regards  average  results. 

The  majority  of  the  trade  wastes  were  of  such  a  charaxjter 
as  to  distort  temporarily  the  constituents  of  the  normal  crude 
sewage,  especially  with  respect  to  the  dissolved  and  suspended 
solids.  Certain  of  these  wastes  increased  the  total  solid  matters 
to  an  amount  from  one  and  one-half  to  two  times  as  high  as  in 
the  normal  sewage,  reaching  a  maximum  at  times  of  2,072  parts 
per  million.  The  suspended  solids  varied  from  a  normal  of 
about  200  parts  to  1,500  parts  per  million. 

The  organic  matters  in  these  wastes  raised  the  normal  organic 
nitrogen  of  11.0  parts  to  as  high  as  27.0  parts  per  million.  The 
nitrogen  as  free  ammonia  generally  showed  a  similar  high 
result,  reaching  a  maximum  of  19.0  parts  per  million. 

When  iron  pickling  liquors  were  present  very  high  amounts 
of  oxygen  consumed  were  frequently  noted.  These  results  ranged 
as  high  as  190  parts  per  million.  Such  sewages  usually 
contained  iron  in  the  form  of  ferrous  salts  in  amounts  as  great 
as  68  parts  per  million  of  iron  (Fe.).  A  very  appreciable  pro- 
portion of  the  iron  was  in  suspension  as  hydrate,  imparting  a 
bluish  green  color  to  the  sewage  and  rendering  it  an  active 
precipitant. 

Another  industrial  waste  worthy  of  note  was  a  tannery 
waste  of  white  appearance  containing  slight  amounts  of  free 
lime  and  high  chlorine,  together  with  suspended  matter  running 
up  as  high  as  1,200  parts  per  million,  of  which  about  90  per  cent. 
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was  in  the  form  of  alkaline  earth  carbonates.  There  are  several 
large  breweries  using  the  sewer  to  a  certain  extent,  but  their 
waste  liquors  did  not  apparently  produce  any  dominating  influ- 
ence on  the  composition  of  the  sewage. 

The  industrial  waste  factor  at  Columbus  affected  chiefly 
only  the  inorganic  constituents  of  the  sewage,  and  related  to  the 
physical  side  of  its  purification.  So  slight  was  the  proportional 
volume  of  these  wastes  that  they  will  doubtless  almost  lose  their 
identity  at  the  main  sewage  works. 

GROUND   WATER. 

Considerable  ground  water  enters  the  sewers,  diluting  the 
sewage  and  increasing  its  contents  of  dissolved  mineral  con- 
stituents. 

During  extreme  dry  weather  the  daily  average  sewage  flow 
for  the  main  sewerage  district  was  8.4  million  gallons.     The 
average  normal  dry  weather  flow  was  9.1  million  or  8.3  per  cent, 
in  excess  of  the  former. 

During  and  just  after  storms  the  quantity  of  ground  water 
was  of  course  much  greater  than  this,  especially  in  view  of  the 
porous  water  bearing  sand  and  gravel  through  which  some  of  the 
sewers  are  laid  and  with  joints  less  than  ordinarily  tight. 

STORM  FLOWS. 

At  times  of  storms  the  volume  of  the  sewage  discharged  by 
the  intercepting  sewer  was  materially  augmented.  The  maxi- 
mum daily  discharge  recorded  during  the  tests  was  30.5  million 
gallons  on  April  20,  1905,  on  which  day  .  59  inch  of  rain  fell  in 
the  space  of  a  few  hours.  The  maximum  capacity  of  the  inter- 
ceptor is  about  40  million  gallons  daily,  which  means  that  at 
times  of  average  dry  weather  flows  a  rainfall  of  about  .02  inch 
per  hour  over  the  entire  area  would  cause  the  main  sewers  to 
overflow  to  the  river. 

The  effect  of  storm  water  upon  the  sewage  was  first  to 
materially  increase  the  amount  of  suspended  matter.  After' 
protracted  droughts  these  matters  consisted  chiefly  of  clay,  but 
normally  during  the  initial  stages  of  heavy  storms  large  amounts 
of  organic  matter  were  washed  from  the  street  surfaces  and 
sides  of  the  sewers,  thereby  considerably  increasing  the  organic 
strength  of  the  sewage. 
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The  relatian  of  the  typical  storm  flow  to  the  dry  weather 
week-day  flow  is  illustrated  by  the  data  presented  in  the  follow- 
ing table: 

Table  Showing  the  Relation  of  Storm 
to   Dry   Weather   Week-Day  Flows, 


Rate  of  Discharge  in  Million 

Hour 

Gallons  per  Day  of  the 

Rainfall 

Per  cent,  which 

of 

Intercepting-  Sewer. 

in  Inches 
April  20, 

the  Storm 
Flow  was  of 

the 

ft 

<^  J. 

the  Dry 

Average 

Storm 

1905. 

Weather  Week- 

Day. 

Normal  Dry 

Flow  April 

day  Flow. 

Weather  Flow. 

20,  1905. 

6  A.  M.. 

6.8 

6.8 

0 

100 

7      "     . . 

6.8 

6.8 

.17 

100 

8      "     .. 

7.3 

16.1 

.15 

220 

'9       •*     . . 

^.0 

27.3 

.06 

304 

10       "     . . 

10.3 

30.5 

.03 

296 

11       "     . . 

11.0 

30.5 

.12 

227 

12  M 

11.4 

27,5 

0 

241 

1  P.  M.. 

11.5 

22.0 

0 

191      . 

2       "     .. 

11.6 

17.9 

0 

154 

3       "     .. 

11.6 

16.1 

0 

139 

4       "     ., 

11.6 

15.4 

0 

133 

5       "     .. 

11.6 

14.7 

0 

127 

6       "     .. 

11.5 

14.0 

.02 

122 

7       "     ,. 

10.9 

13.3 

.01 

122 

8       "     .. 

9.8 

12.3 

0 

125 

9       "     .. 

9.1 

11.3 

0 

124 

10       "     . . 

8.7 

10.6 

0 

122 

11       "     . . 

8.4 

10.4 

0 

124 

12       "     . . 

8.2 

9.7 

0 

118 
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VOLUME    OF    SEWAGE    USED   IN    THE    TESTS. 

During  the  period  covered  by  the  tests  109,120,000  gallons 
of  sewage  were  pumped  from  the  intercepting  sewer,  the  average 
daily  pumpage  being  as  follows: 

Average  Number  of  Gallons  of  Sewage 
Pumped  for  the  Purposes  of  the  Tests. 


Month 

Average  Number 

Month 

Average  Number 

1904 

of  Gallons  Daily 

1905 

of  Gallons  Daily 

August 

422,000 

January 

341,000 

September 

351.000 

February 

345,000 

October 

358,000 

March 

375,000 

November 

360,000 

April 

348,000 

December 

343,000 

May 

358,000 

' 

June 

291,000 

LOCATION  OF  THE  SUCTION  OF  THE  PUMP  IN  THE 

INTERCEPTING  SEWER. 

The  centrifugal  pump,  by  which  all  of  the  sewage  used  in 
the  tests  was  raised  from  the  intercepting  sewer,  was  continu- 
ously operated  except  on  very  rare  occasions  when,  on  account 
of  accident,  it  became  necessary  to  shut  down  temporarily  for 
repairs.  The  suction  pipe  of  the  pump  was  located  in  a  suction 
well  built  into  the  sewer  and  18  inches  from  the  bottom  of  the 
72-inch  sewer,  which  normally  ran  about  half  full ;  the  pump , 
suction  was  therefore  located  approximately  midway  between 
the  bottom  of  the  sewer  and  the  normal  flow  line.  (Plate  III.) 

SCREENING. 

Before  reaching  the  point  at  which  the  samples  were 
normally  collected,  and  true  also  of  all  the  sewage  used  in  these 
tests,  the  sewage  was  first  screened  at  the  suction  well  through 
a  screen  having  an  0.5-inch  clear  mesh.  This  screen  formed  the 
side  of  the  suction  well  at  the  center  of  the  sewer.  That  is,  it 
was  parallel  to  the  line  of  flow  to  facilitate  its  cleaning.  The 
sewage  was  again  screened  in  the  screen  chamber,  where  the 
sewage  passed  through  a  double  set  of  vertical  screens  having 
meshes  0.5  and  0.375-inch  in  the  clear,  respectively.  The  screen 
in  the  suction  well  was  so  placed  that  during  the  tests  it  never 
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became  clogged  sufficiently  to  require  attention.  Considerable 
coarse  material  which  passed  the  pump  screen  was  caught  by  the 
screens  in  the  screen  chamber,  necessitating  the  cleaning  of  these 
screens  from  five  to  six  times  each  day.  About  300  pounds,  or 
0.17  cubic  yard  of  wet  screenings  were  thus  removed  on  an 
average  per  million  gallons  of  sewage.  Although  the  sewer 
normally  contained  appreciable  quantities  of  fresh  fecal  matter 
such  material  was  intercepted  by  the  screens  in  the  pump  well 
and  was  subsequently  washed  off  into  the  sewer  again.  The 
finer  material  which  passed  the  pump  well  screens  and  was 
caught  on  the  screens  in  the  screen  chamber  was  composed  very 
largely  of  kitchen  waste. 

PLAN    OF   ANALYTICAL   WORK. 

The  analytical  work  to  determine  the  composition  of  the 
crude  sewage,  embraced  careful  chemical  and  bacterial  analyses 
of  samples  systematically  collected  at  the  outlet  end  of  the 
screen  chamber.  Upon  certain  occasions  special  samples  of  the 
crude  sewage  were  collected,  particularly  at  such  times  as  the 
sewage  appeared  to  possess  characteristics  essentially  different 
from  the  normal. 

Sampling  Schedule.  In  order  that  the  sewage  of  no  day 
in  the  week  should  receive  more  than  its  proportional  weight  in 
the  study  of  the  composition  of  the  crude  sewage,  a  sampling 
.schedule  was  arranged  at  the  beginning  of  the  tests  whereby  on 
every  eighth  day  no  samples  were  collected,  thus  relieving  the 
analj'^tical  force  from  duty  on  every  eighth  day.  By  this  measure 
the  day  upon  which  the  sewage  was  not  sampled  was  moved 
forward  one  day  in  each  week,  so  that  no  one  day  was  omitted 
from  the  sampling  schedule  twice  in  succession,  but  only  after 
the  lapse  of  seven  weeks. 

Method  of  Collecting  Samples.  The  samples  of  the  crude 
sewage  for  chemical  analysis  were  collected  from  the  screen 
chamber  after  screening,  as  before  stated,  at  half-hourly  in- 
tervals throughout  the  24  hours.  These  half-hourly  portions 
were  collected  in  four  ounce  bottles,  which  were  completely  filled 
with  sewage,  tightly  stoppered  and  placed  at  once^  in  an  ice  chest 
at  a  temperature  of  about  10  degrees  C.    As  a  midnight  to  mid- 
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night  period  was  adopted  as  the  station  ^s  official  day,  the  first 
portion  of  crude  sewage  for  the  day  was  collected  at  12:30  A. 
M.,  and  the  last  and  48th  portion  at  12 :00  P.  M.  At  8 :00  A.  M. 
on  the  day  following,  or  32  hours  after  the  collection  of  the  first 
portion,  the  contents  of  the  48  small  bottles  were  mixed  in  equal 
proportion  in  a  large  glass  bottle  and  the  chemical  analysis  of 
the  composite  sample  was  immediately  begun.  The  practice  of 
storing  the  individual  samples  for  periods  ranging,  from,  8  to  32 
hours  without  a  germicide,  as  outlined  above,  effected  no  ma- 
terial change  in  the  chemical  composition  of  the  crude  sewage, 
as  is  shown  by  the  results  of  studies  made  upon  this  question, 
which  are  presented  in  Appendix  II. 

Ordinarily  the  average  analyses  of  the  sewage  for  the  24- 
hour  day  was  not  affected  beyond  the  limits  of  accuracy  of  such 
data  by  this  method  of  mixing  individual  portions.  During 
very  dry  weather  it  did  affect  the  average  results  somewhat,  as 
discussed  under  *' Composition  of  Sewage." 

Samples  for  bacterial  analysis  were  collected  in  duplicate 
in  sterilized  wide-mouthed  glass-stoppered  bottles  at  the  same 
points  as  were  those  for  chemical  analysis.  On  account  of  the 
material  changes  in  the  bacterial  content  of  the  sewage  which 
would  take  place  in  the  bottles  when  stored,  it  was  found  to  be 
inadvisable  to  store  the  bacterial  samples  for  periods  of  more 
than  about  one  hour.  Except  for  occasional  series  of  hourly 
samples,  collected  in  order  to  ascertain  the  variations  in  the 
bacterial  content  of  the  sewage  throughout  the  24  hours  of  the 
day,  all  bacterial  samples  of  the  crude  sewage  were  collected  at 
7:00  A.  M.,  11:00  A.  M.  and  5:00  P.  M.  These  times  roughly 
covered  the  weakest,  strongest  and  medium  strength  sewage  of 
the  day  and  enabled  representative  average  results*  to  be 
obtained.    All  bacterial  samples  were  plated  as  soon  as  collected. 

METHODS  OF  ANALYSIS. 

At  the  outset  of  the  tests  the  methods  of  analysis  used  were 
representative  of  the  latest  well  recognized  developments  in 
analytical  methods  as  applied  to  sewage  work.  To  meet  local 
conditions  and  requirements,  a  number  of  methods  were  modified 
and  improved  from  time  to  time.  The  details  of  the  progress 
made  in  this  regard  were  submitted  to  the  Committee  on  Stand- 
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ard  Methods  of  the  American  Public  Health  Association  during 
the  compilation  of  their  report  in  December,  1904,  and  a  nimiber 
of  features  developed  at  this  station  were  incorporated  therein. 

Changes  in  the  methods  of  analysis  were  adopted  only  after 
a  suflBicient  number  of  comparative  studies  had  been  made  to 
prove  the,  feasibility  of  modifying  the  technique.  While  in  gen- 
eral the  standard  methods  were  employed  at  this  station,  after 
the.  report,  of  the  Committee  was  compiled  progress  was  still 
made,  in  the  line  of  improved  analytical  procedures,  especially 
for  local  conditions.  These  developments  chiefly  referred  to  the 
direct  determination  of  the  organic  nitrogen  by  the  Kjeldahl 
process^,  the  use  of  the  Gooch  crucible  for  the  determination 
of  total  and  volatile  suspended  matter  'and  the  interpretation 
of  putrescibility®. 

'  In  the  discussion  of  the  sigiiificance  of  the  analytical  data 
to  show  the  composition  of  the  Columbus  sewage  there  are  given 
several  comparisons  and  other  data  which  show  the  practical 
significiance  of  the  more  important  departures  made  here  in  the 
•laboratory  procedures.  Here  it  will  be  desirable  to  state  briefly 
a  few  of  the  more  important  features  as  follows : 

Nitrogen  as  free  ammonia  was  determined  by  direct  nessleri- 
zatign  ii;istead  of  distillation.  The  results  were  uniform  and 
satisfactory  and  averaged  about  90  per  cent,  of  those  by  the  old 
but  less  definite  method. 

Organic  nitrogen  was  determined  by  the  Kjeldahl  method 
and  not  by  the  ajbui^inoid  ammonia  method.  The  Kjeldahl 
tnethod  was  practiced  throughout  these  tests  substantially  as 
described  in  the  Committee  Report  on  Standard  Methods.  The 
jnodified  method  by  which  the  result  is  obtained  without  distil- 
lation was  not  fully  developed  until  these  investigations  were 
nearly  at  a  close. 


(1)  See  forthcoming-  paper  by  A.  E.  Kimberly  and  M.  G.   Roberts, 

American  Public  Health  Association,  Boston,  1905. 

(2)  See  forthcoming-  paper  by  A.  E-  Kimberly  and  H.  B.  Homnion, 

American  Public  Health  Association,   Boston,  1905. 

(3)  See  forthcoming  paper  by  G.  A.  Johnson,  W.  R.  Copeland  and 

A.  E.  Kimberly,  American  Public  Health  Association,  Boston, 
'  1905. 
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The  oxygen  consumed  was  determined  by  boiling  for  a 
period  of  five  minutes  and  by  adding  the  permanganate  to  the 
liquid  when  cold. 

The  Gooch  crucible  with  an  asbestos  filter  was  used  during 
the  last  four  months  of  the  investigation  for  determining  the 
total  and  volatile  suspended  matter. 

AVERAGE  RESULTS  OF  ANALYSIS  OF  COLUMBUS  SEWAGE. 

During  the  period  covered  by  these  tests,  August  16,  1904, 
to  June  30,  1905,  inclusive,  the  crude  sewage  was  analyzed  upon 
282  days  out  of  the  total  of  319  days;  that  is,  on  seven  out  of 
every  eight  days.  The  table  of  average  results  which  follows 
shows  the  monthly  variation  in  the  composition  of  the  crude 
sewage.  As  the  sewage  was  collected  at  half -hourly  intervals, 
as  already  described,  the  recorded  composition  is  the 
average  result  of  13,536  separate*  portions.  The  effect  on  the 
strength  of  the  sewage  of  the  extreme  drought  in  the  months  of 
November  and  December  is  particularly  to  be  noted,  as  are  also 
the  high  amounts  of  suspended  matters  accompanying  the  heavy 
rains  of  the  spring  months.  Excepting  at  times  of  storm  flow 
the  variation  in  the  daily  composition  of  Columbus  sewage  was 
not  very  great. 

The  average  composition  of  the  crude  sewage  for  the  period 
covered  by  these  tests  is  weighted  proportionately  to  the  number 
of  samples  analyzed  for  each  month. 
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During  the  period,  October  16  to  December  15,  1904,  inclu- 
sive, there  was  an  unusual  drought.  During  this  period  54 
analyses  of  crude  sewage  were  made.  The  average  dry  weather 
results  are  shown  in  the  following  table,  together  with  the  average 
results  of  typical  storm  flows,  and  the  average  of  all  results. 

All  the  leading  constituents  of  the  sewage  increased,  par- 
ticularly the  organic  nitrogen  and  the  nitrogen  as  free  ammonia. 
At  such  times  the  suspended  matters  were  somewhat  lower, 
owing  to  the  absence  of  street  washings.  The  volatile  matters 
increased,  however,  owing  to  the  materially  reduced  amount  of 
clayey  matters  then  reaching  the  sewers.  The  increase  in  dis- 
solved matter  resulted  probably  from  the  diminished  use  of  soft 
cistern  water,  and  also  owing  to.  the  greater  hardness  of  the  city 
water  supply  and  the  ground  water  during  this  dry  period. 

At  times  of  storms  the  character  of  the  sewage  was  subject 
to  very  marked  changes.  A  number  of  factors  then  affected  the 
strength  of  the  sewage,  and  the  relative  amounts  of  the  several 
constituents  aside  from  the'  dilution  incident  to  the  rainfalL 
These  factors  were  the  intensity  and  duration  of  the  rain,  the 
relative  dryness  of  the  ground,  and  also,  to  a  certain  degree 
perhaps,  the  clogging  of  the  interceptors. 

Immediately  following  a  protracted  period  of  drought  the 
scouring  out  of  the  deposits  in  the  sewers  increased  the  volatile 
components  of  the  suspended  matter.  Under  normal  storm  con- 
ditions, however,  the  usual  constituents  of  the  sewage  were  re- 
duced, due  to  dilution,  but  there  was  a  large  increase  in  sus- 
pended mineral  matter  of  a  clayey  nature.  At  times,  however^ 
the  sewage  carried  also  large  quantities  of  street  refuse,  by 
which  the  strength  of  the  diluted  sewage  was  materially  aug- 
mented. 
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HOURLY  AND  DAILY  VARIATION  IN  THE  RESULTS 
OF  ANALYSES  OP  COLUMBUS  SEWAGE. 

Hourly  Variation,  Variations  in  the  composition  of  the 
crude  sewage  throughout  the  day  Were  encountered  as  elsewhere 
and  as  are  illustrated  by  the  analytical  data  contained  in  the 
table  on  page  30. 

From  August  16  to  September  15,  1904,  inclusive,  the  regu- 
lar half-hourly  samples  of  crude  sewage  were  mixed  and  ana- 
lyzed every  eight  hours  to  gain  further  information  on  the  vari- 
ation in  the  composition  of  the  sewage.  The  time  of  mixing  the 
samples  was  adjusted  so  as  to  divide  roughly  the  sewage  of  the 
day  into  three  portions,  which  represent  approximately  the  weak 
morning  sewage,  the  strong  day  sewage  and  the  medium  strength 
evening  sewage,  respectively.  The  results  of  these  analyses  are 
presented  in  the  following  table : 

Composition  of  the  Crude  Sewage. 

Results  of  Analysis  of  Twenty-Six  Composite  Samples  Collected 
Between  the  Dates  Aug.  16  and  Sept.  15,  1904,  Inclusive. 


HOUR   OF 
COI.I.KCTiON 


Temp. 

DeiT- 
F. 


PARTS   PER    MILLION 


OXYGEN 
CONSUMED 


Total 


Dis. 
solved 


Sns. 

pend- 

ed 


NITROGEN  AS 


ORGANIC 


Total 


DiR. 
solved 


Sus- 
pended 


Free 
Am- 
mo- 
nia 


CHI.O- 
RINK 


12  P.— 8  A. 
8  A.— 4  P. 
4  P.--12  P. 

Average 


69 

29 

20 

9 

4.3 

2.4 

1.9 

6.5 

71 

75 

39 

36 

11.9 

4.8 

7.1 

14.9 

70 

42 

26 

16 

7.4 

3.6 

3.8 

10.9 

70 

48 

28 

20 

7.9 

36 

43 

10.8 

56 

80 
85 

74 


Per  cent,  which   each  value  was  of   the  average  for  the   24  hours* 


12  P.— 8  A. 

99  . 

60 

71 

«  45 

74 

67 

44 

60 

76 

8  A.— 4  P. 

101 

156 

139 

180 

151 

133 

165 

138 

108 

4  P.— 12  P. 

100 

87 

93 

80 

94 

100 

88 

101 

115 
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Daily  Variation,  Since  under  the  flexible  sampling  schedule 
already  described  the  sewage  of  each  day  in  the  week  was  ana- 
lyzed the  same  number  of  times  during  the  tests,  the  average 
results  of  the  daily  analyses  are  representative  of  the  usual  day 
to  day  variation  in  the  composition  of  the  crude  sewage.  These 
average  results,  together  with  the  average  daily  flows  of  sewage 
in  the  intercepting  sewer,  are  presented  in  the  next  table. 

The  data  show  that  the  sewage  is  weakest  on  Sundays,  as 
would  be  expected.  On  Mondays  the  sewage  is  stronger  than 
that  of  any  other  day  in  the  week,  the  marked  increase  in  the 
amount  of  suspended  matter  and  fats  being  due  to  the  increased 
soap  consumption  in  the  laundries  on  that  day.  On  Saturdays 
industrial  wastes  were  the  most  often  in  evidence,  but  not  in 
sufficient  volume  to  influence  measurably  for  the  whole  day  the 
normal  domestic  character  of  the  sewasre. 
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Comparison  of  the  Percentages  which  the  Flow  of  Sewage 

at  Outfall  and  the  Amount  of  its  Different  Constituents 

at  Different  Hours  are  of  the  Average  for  the  Day. 


AVERAGE   COMPOSITION   OP    COLUMBUS   SEWAGE   AS   COMPARED   WITH 
THE    SEWAGE  OP   OTHER    CITIES. 

■  '  in"  order  to  compare  the  strength  of  the  sewage  in  different 
cities  it  is  neeessaiy  to  express  the  results  in  units,  which  will  be 
fairlyconstant  for  all  conditions.  Such  a  coinparison  is  usually 
effected  by  expressing  the  results  in  terms  of  the  grams  of  each 
constituent  per  capita  daily.  By  this  means  the  widely  varying 
sewage  flow  per  capita  of  different  cities  is  no  longer  a  factor. 

In  the  table  below  the  estimated  composition  of  the  Colum- 
bus sewage  has  been  computed  on  a  basis  of  grams  per  capita 
daily.  -  The  escalations  are  based  on  an  estimated  population 
of  75,000  people  connected  to  the  central  intercepting  sewer. 

Irregularities  in  the  behavior  of 'the  overflow  devices  on  the 
main  sewers  make  -it -advisable  to  adjust  the  foregoing  results 
of  analyses  in  accordance  with  the  best  available  evidence.  It 
was  decided  to  use  the-analytieal  data  for  the  dry  weather  period, 
October.  16  to  December  15,  1904,  to  increase  these  values  by  about 
6  per  cent",  to  oifset  the  effect  of  mixing  the  individual  portions  in 
equal  quantities  rather  than  in  proportion  to  the  actual  flow; 
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and  finally  to  increase  this  modified  result  by  10  per  cent,  so 
as  to  include  the  effect  of  storm' flows. 

Estimated  Quantities  of  Principal  Constituents  in  Grams 
Per  Capita  Daily  of  the  Sewage  of  Various  Cities. 


* 

Average  Columbus 

Sewage 
(Combined  System) 

Average  Domestic 
■  Sewage  from  Small 

Mass^  Cities. 
(Separate  System) 

Average  Domestic 
Sewage  and  Street 

Refuse,  London. 
(CombinJed  System) 

Average  Sewage 
for  Manufacturing 

Cities. 
(Combinied  System) 

Average  Daily  Flow  of  Sewage 
in  U.  S.  Gallons  Per  Capita 

121 

95 
13 

•  •   •  . 

•  •   •   • 

54    • 

■  •  •  • 

Con^fumed      1  Sfsfo^ed  .:  .* ! ! ! ! ! 
Consumed     |s„sp^^ded 

30 
14 
16 

25. 

■  ■  •  • 
•   •   •   > 

50 

•  •  •  • 

•  •  •  • 

/  Total 

14.4 

9.7 

13.0 

13.0 

iNitro-\ 

)        Or-    <'^^*^^ 

-*^^''-    \     iranic]^**^^^^^-- 
game  (Suspended... 

6.2 

_2.4 

3.8 

4.7 

•  ^  •  « .      .    . 

•  •   •   • 

1.5 

.... 

.... 

•  •  * . 
.... 

I  Free  Ammonia 

8.2 

5.0 

8.0 

5.5 

Chlprine 

32 

16 

24 

44 

Matters       ]  volatile 

410 

354 

56 

85 
58 
27 

157 
102 

55 

268 

178 

90 

CI           -J  ^    (  Total . . . ; 

98 
51 
47 

49 
11 
38 

87 
41 
46 

145. 

Suspended  JMineril.   ... 

69 

Matters  ] Volatile::: ...::::: 

76 

^w\   A    4  r^    *» M    i  Total 

510 

407 

93 

134 
69 
65 

244 
143 
101 

413 

Total  Solid  \  Mineri                ... 

247 

Matters  | Volatile ....;::::: 

166 

Free  Carbonic  Acid 

13.6 

•  •  •  • 

.... 

Fats - ,4 

19.1 

•     •     m   » 

...  .1 

-i  ■'■'■)    ■ 

•  . 

i 

. 

,    , 
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DESCRIPTION    OP    CHARACTElaSTlCS    OP    COLUMBUS    SEWAGE    WITH 
COMMENTS   6n  IMPROVED  TECHNTQUE  AND  INTERPRETATION 

OP    ANALYTICAL   RESULTS. 

Freshness  of  the  Sewage. 

The  sewage  on  an  average  reached  the  station  about  two 
hours  after  its  discharge.  A  certain  amount  of  bacterial  action 
took  place  therein  before  it  reached  the  testing  station,  however, 
as  shown  by  the  absence  of  dissolved  oxygen  and  oxidized  nitro- 
gen during  the  day  time,  but  decomposition  had  not  progressed 
far  enough  to  allow  of  the  development  of  odors  characteristic 
of  putrefaction. 

Except  between  the  hours  of  about  10:00  A.  M.  to  4KX)  P. 
M.,  the  crude  sewage  usually  contained  appreciable  amounts  of 
dissolved  oxygen,  the  average  sample  for  the  24  hours  contain- 
ing about  0.5  part  per  million.  Under  tKe  high  dilution  with 
rain  water  obtaining  at  times  of  storms  the  amounts  of  dis- 
solved oxygen  were  materially  increased,  as  was  true  also  of  the 
sewage  during  the  night.  Under  average  conditions  the  dis- 
solved oxygen  rose  to  a  maximum  of  about  3.0  parts  per  million 
from  about  2 :00  A.  M.  to  T  :00  A.  M.  The  hour-to-hour  variation 
in  the  amount  of  dissolved  oxygen  under  average  conditions  is 
shown  in  the  following  table  in  conjunction  with  the  chlorine, 
bacterial  content  and  flow  of  sewage,  respectively. 


p  . 


36 


RKPORX   ON  SEWAGE  PURIFICATION 


Relation  of  Chlorine,  Dissolved  Oxygen  and  Bacterial 

Content  of  the  Crude  Sewage  to  the  Volume 

of  Flow  in  the  Sewer. 


Hour 

Rate  of  Dis- 

charffeof  Inier- 

cepting-  Sewer 

in  Gallons  per 

Day 

Parts  per  Mii,i,ion 

Bacteria  per 

Cubic 
Centimeter 

Chlorine 

Dissolved 
Oxygen 

1  A.  M 

2  A.  M 

3  A.  M 

4  A.  M 

5  A,  M 

6  A.  M 

7  A.  M 

8  A.  M 

9  A.  M 

10  A.  AL 

11  A.  M 

12  M.  ....:.. 

1  P.  M 

2  P.  M 

3  P.  M 

4  P.  M 

5  P.  M 

6  P.  M 

7  P.  M 

8  P.  M 

9  P:  M 

10  P.  M 

11  P.  M 

12  M.  ....... 

7,700,000 

7,500,000 

6,900,000 

6,800,000 

6,600,000 

6,400,000 

6,400,000 

6,900,000 

9,800,000 

11,300,000 

11,700,000 

11,900,000 

11,900,000 

11,700,000 

11,700,000 

11,500,000 

11,500,000 

11,500,000 

11,000,000 

9,900,000 

8,900,000 

8,500,000 

8,300,000 

8,100,000 

46 
46 
46 
45 
37 
37 
36 
60 
•  74 
74 
57 
65 
68 
84 
84 
82 
96 
88 
75 
71 
65 
57 
56 
56 

1.6 

2.0 

2.9 

3.1 

3.2 

3.0 

2.9 

2.7 

0.2- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.8 

0.8 

1.4 

2.1 

1.7 

1.9 

1.7 

1,200,000 
1,100,000 

800,000 

800,000 

800,000 

900,000 
1.000,000 
2,100,000 
3,200,000 
4,000,000.    . 
4,300,000 
6,500,000 
4,200,000 
3,200,000 
4.500,000 
3,100,000 
3,700,000 
3,200,000 
2.400,000 . 
2,200,000 
1,600,000 
1,500,000 
1,600,000 

850,000 

Average. .          9,650,000 

63                  1.4 

2,400,000 

Weighted  Ave 

jraere 

66          1          1.1          1          2.500.000 

.                               ^7—    -—,--    — 

Total  Suspended  Matter. 

Suspended  matter  furnishes  data  as  to  quantities  of  sludge^ 
and  is  of  special  value  in  the  interpretation  of  the  efficiency  of 
preparatory  sewage  treatments.  Suspended  matter  was  de- 
termined by  the  usual  indirect  method  of  evaporating  the  sewage- 
to  dryness  in  platinum  dishes  before  and  after  filtration  through 
paper,  and  the  direct  Gooch  crucible  process.  The  former 
method  was  used  throughout  the  tests  except  during  the  special 
work  upon  sedimentation.  Developments  during  the  latter  part 
of  the  tests  indicated  that  the  direct  method  is  preferable. 
In  the  direct  method  an  aliquot  portion  of  sewage  is  filtered 
through  a  weighed  porcelain  crucible  containing  a  thin  layer  of 


COMPOSITION  OF   COI.UMBUS  SEWAGE 


yr 
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asbestos  resting  upon  a  perforated  bottom.  After  drying  the 
crucible  and  contents  they  are  again  weighed,  and  the  increase  in 
weight  taken  as  the  suspended  matter.  The  volatile  suspended 
matter  results  from,  igniting  the  crucible  at  a  low  red  heat  for 
5  minutes,  and  determining  the  loss  in  weight. 

The  determination  of  the  solid  matters  in  sewage  requires 
considerable  care  and  involves  a  large  expenditure  of  time. 
Where  silspended  matter  results  are  alone  desired — and  experi- 
ence at  this  station  indicates  that  they  are  of  greater  value  than 
are  total  solid  matter  data— the  advantage  of  a  direct  method  is 
evident  since  results  may  be  obtained  in  at  least  2  hours.  The 
direct  method  moreover  yields  more  accurate  results  since  filtra- 
tion through  asbestos  will  retain  some  very  finely  divided  sus- 
pended mattter  which  readily  passes  through  ordinary  filter 
paper. 

The  following  table  illustrates  this  point,  showing  the 
superiority  of  the  Gooch  method  with  reference  to  determining 
the  finely  divided  suspended  matter  in  sewage. 

Representative  Results  hy  Indirect  and  Direct  Methods^ 
Showing  the  Effect  of  Colloidal  Matter  in 

Crude  Sewage, 


SUSPENDED   MATTER 

SAMPI^BS 

PARTS     PER     MII.I,ION 

OF 

• 

By  Indirect  Method 

▼^ 

CRUDE 

By 

SEWAGE 

Filtered  Through 

Direct 

Method 

Paper 

Asbestos 

- 

1 

96 

102 

99 

2 

94 

98 

95 

3 

98 

114 

100 

4 

72 

86 

96 

5 

188 

200 

193 

6 

170 

192 

180 

7 

362 

364 

368 

8 

1% 

210 

223 

Referring  to  the  volatile  suspended  matter,  available  evi- 
dence strongly  indicates  that  the  results  of  a  direct  process  ai*e 
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to  be  preferred  to  the  old  indirect  n^ethod  involved  in  the  de- 
termination of  Iqss  on.  ignition..  By  the  direct  process  the  sus- 
pended matter  is  freed  from  certain  dissolved  mineral  saltei, 
which,  as  is,  well  known,  are  volatilized  to  a  certain  but  varying 
degree  by  the  heat  required.  Hence  the  direct  method,  with  this 
factor  eliminated,  is  superior  for  determining  the  volatile  sus- 
pended matter  as  shown  in, the  following  table: 

Representative  Comparative  Volatile  Suspended  Matter 
Results  hy  Direct  and  Indirect  Methods. 


SAMPI.KS 
OF 

VOLATII.E  SUSPENDED 
MATTER 

PER  CENT.  WHICH 

INDII^ECT 
RESUI^TS  ARE  OF 

CRUDE 

PARTS  PER   MII^WpN 

SEWAGE 

Direct 

Indirect 

DIRECT  RESUI.TS 

1 

2- 
3 
4 
5 
6 
7 
8 
9 
10 

132 

205 

174 

107 

124 

65 

43 

101 

44 

53 

96 
128 
148 
70 
96 
32 
28 
82 
28 
34 

72 
63 
85 
65 
77 
49 
65 
81 
64 
64 

The  local  sewage  normally  carries  about  210  parts  per 
million  of  total  matter  in  suspension,  of  which  about  80.  parts, 
or  38  per  cent,  is  volatile  matter.  The  maximum  daily  average 
amount  of  suspended  matter  in  the  crude  sewage  observed  dur- 
ing stolen  flow"  was  842  i^arts;  the  minimum  daily  average 
amount  noted  on  a  Sunday  during  a  snow  storm,  12  parts  per 
million.  In  the  following  table  is  shown  the  range  in  suspended 
matter  in  the  Columbus  sewage  expressed  in  three  ways : 
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Range  of  Dry  Suspended  Matter  in 
Columbus  Sewage. 
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SUSPENDED 

Parts  Per 
Million 

Tons,  Per 
Million  Gallons 

« t          *  ■ 

Gra^ls  Per 
Capita  Daily 

MATTBR 

Total 

Volatile 

Total 

Volatile 

Total 

■     >  1 

Volatile 

• 

Maximum  .... 

Minimum 

Average 

842 

12 

215 

222' 
6 
81 

3.52 
0.05 
0.90 

0.93 
0.03 
0.34 

387 

6 

98 

102 

•■    3     . 
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Colloidal  Matter, 

From  a  broad  practical  standpoint  colloidal  matters  may  be 
defined  as  those  suspended  particles  in  sewage  wHich  cannot  be 
removed  by  plain  subsidence  in  a  reasonable  and  economical 
period  of  time.  Suspended  matters  of  this  class  are  obviously  in 
a  very  fine  state  of  division,  and  appear  to  exist  in  a  stSite  of 
pseudo  solution  or  micro-suspension. 

Such  a  broad  definition  of  colloidal  matter  allows  various 
conceptions  as  to  that  portion  of  the  suspended  matters  in  sewage 
which  shall  be  so  classed.  These  so-called  colloidal  matters  are 
obviously  a  function  of  both  the  velocity  of  sewage  flow  and  the 
jperiod  of  subsidence. 

Viewing  this  question  of  colloidal  matters  in  a  rough,  practi- 
cal way— not  in  the  precise  terms  of.  the  physical  chemist— 
.several  interesting  observations  were  made  in  regard  to  the  local 
sewage.  They  relate  to  the  turbidity  or  suspended  matter  re- 
inaining  in  the  supernatant  liquid  after  bottles  of  sewage  were 
allowed  to  rest  for  many  hours,  and  also  to  testg  of  subsidence  in 
several  special  tanks.  On  a  large  scale  data  were  obtained  in  a 
200-foot  tank  as  recorded  in  Chapter  III. 

Speaking  generally,  it  appears  that  the  Columbus  sewage 
ordinarily  contains  in  the  neighborhood  of  50  parts  per  million 
of  suspended  matter  which  can  be  removed  by  subsidence  only  in 
part  and  with  great  difficulty  in  practice.  In  bottle  observations 
figures  one-half  of  the  above  have  been  noted,  but  on  the  other 
hand,  when  the  sewage  was  strong,  it  seemed  hardly  possible 
to  reduce  the  suspended  matter  by  subsidence  to  50  parts.  In 
fact,   from  a  practical   standpoint  the  opinion  gradually  de- 
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veloped  that  on  an  average  about  60  parts  per  million  of  sus- 
pended matter  could  be  removed  in  a  practical  way  only  by  the 
aid  of  coagulation  or  by  filtration.  That  is,  only  140  parts  or 
about  70  per  cent,  of  the  suspended  matter  were  logically  to  be 
considered  in  preparatory  treatments  by  subsidence.  In  this 
connection  it  is  to  be  noted  that  the  Columbus  sewage  more  or 
less  resembles  some  of  the  clay-bearing  river  waters  of  the  central 
west.  Further  data  regarding  colloidal  matter  is  contained  in 
the  appendices. 

Fats, 

Soap  may  be  said  to  be  a  combination  of  an  ether-soluble 
fatty  acid  and  an  alkali.  The  former,,  in  the  fat  determination 
already  referred  to,  is  included  in  the  results  as  reported.  In  a 
sewage  where  the  water  supply  is  as  hard  as  that  of  Columbus 
it  might  be  expected  that  the  amounts  of  fat  and  grease  normally 
present  in  sewage  would  be  appreciably  augmented  owing  to  the 
proportionately  large  amount  of  soap  used  for  general  cleansing 
purposes.  However,  this  is  not  generally  true,  because  cistern 
water  is  almost  universally  used  in  residences  corresponding  to 
a  rental  of  $12  to  $15  per  month.  The  above  consideration  ap- 
pears to  explain  in  part  the  somewhat  low  amount  of  fats  in  the 
local. sewage  as  compared  with  those  recorded  at  other  places, 
but  it  is  to  be  borne  in  mind  that  the  instances  On  record  are  com- 
paratively few  wherein  the  analyses  represent  the  average  con- 
ditions extending  over  a  period  of  24  hours,  as  true  at  Columbus. 
The  effect  of  the  weak  night  sewage  upon  the  fat  content  may 
be  seen  from  the  results  contained  in  the  following  table  wherein 
the  amounts  of  fat  are  given  for  a  period  of  24  hours,  divided 
into  4  periods  of  6  hours  each.* 
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Fat  Content  of  Crude  Sewage  at  Different  Hours  of  the  Day, 

(Average  of  Analyses  of  Samples  Collected  at  Hourly  Intervals 

on  May  15-16  and  29-30,  1905.) 


PBRIOD 

£thbr-Soi«ublb  Mattbr 

PARTS  PBR   MII.UON 

— 

3  A.  M.  to  8  A.  M. 
9  A.  M.  to  2  P.  M. 
3  P.  M.  to  8  P.  M. 
8  P.  M.  to  2  A.  M. 

16 

40 
33 
29 

Averag-e 

30 

The  fatty  matters  appeared  to  be  quite  evenly  distributed 
throughout  the  cross-section  of  the  stream  of  sewage  as  it  flows 
in  the  sewer,  as  shown  in  the  following  table,  which  also  shows 
further  data  upon  the  varying  fat  content  of  the  sewage  at 
different  hours  of  the  day,  and  the  probable  effect  of  the  scour- 
ing action  at  times  of  storms  upon  the  deposit  of  fatty  matters 
upon  the  sides  of  the  sewers. 

Distribution  of  Fats  in  the  Crude  Sewage 
as  it  Flows  in  the  Sewer, 


Date,  1904-05 


Hour 


Ethbr-Solublb  Mattbr 


Parts  per  Million 


Surface 


Middle 


Bottom 


Averagre 


Nov.  18 . 

"     19. 

"     30. 

"     30. 

*"     30. 

"     30-^ 
May  29. 

"     29. 

"     29. 

"     29. 


Average 


11  A.  M. 
5  P.  M. 

8  A.  M. 
11  A.  M. 

2  P.M. 
5  P.  M. 

9  A.M. 
11  A.  M. 

2  P.M. 
5  P.M. 


65 

36 

65 

62 

14 

31 

45 

35 

33 

43 

48 

56 

59 

47 

57 

51 

57 

67 

32 

28 

32 

70 

78 

84 

90* 

92 

92 

41 

39 

35 

56 


47 


55 


55 
36 
38 
49 
54 
54 
31 
77 
91 
38 


52 


♦Storm  flow. 
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Relation  of  Dissolved  to  Total  Fats,  As  previously  men- 
tioned, the  greater  part  of  the  fatty  matters  is  usually  present 
in  the  crude  sewage  in  a  suspended  state.  The  following  table 
contains  data  illustrative  of  this  point:  .     _._--_    -  .„-^- 

Total,  Dissolved  and  Suspended  Fats  in  the  Crude , Sewage, 


DATE 

1W5 


June 
June 
June 
June 


6.. 
7.. 

8.. 
9.. 


Jun^  10.. 

June  11.. 

June  13 . . 

June  14 . . 

June  15. . 

June  16, . 

June  17 . . 


ETBBR-SOLrBLB  MATTER 


Parts  per  Million 


Total 


Dis- 
solved 


Sus- 
pended 


DATE 
1905 


24 

6 

18 

23 

11 

12 

13  ~ 

r 

"  ir 

9 

3 

6 

21 

1 

20 

12 

3 

9 

.  22 

9 

13 

20 

7 

13 

30 

8 

22- 

20 

6 

14 

14 

1 

6 

8 

June  18 . . 
June  19. . 
June  21 . . 
June  22 . . 
June  23 . . 
June  24 . . 
June  25 . .. 
June  26 . . 
June  27 : . 
June  28 . . 
June  29 . . 
June  30. . 


Ethbr-Solublb  Mattbr 


Parts  per  Million 


TotaJ 


Pis. 
solved 


9  .  J 

5 

9 

5 

■  8 

-  -2r   " 

14 

6 

12 

6 

17 

2 

.   5 

2 

33 

18 

14 

•6 

22 

8 

24 

6 

24 

6 

Sus- 
pended 


4 

4 

6 

8 

6 

15 

3 

15 

8 

14 

18 

18 


Total  Organic  Matter. 

The  complex  chemical  compounds  of  animal  or  vegetable 
origin  as  distinguished  from  thosaof  a  mineraL:Origln  are  classed 
as  organic,  matter.  The  total  organic  matter,  both  organic  car- 
bon and  organic  nitrogenpi*  indicated  by  the  volatile  matter 
which  is  obtained  by  igniting  at  a  low  red  heat  the  ''Total 
Residue  on  Evaporation''  of  an  accurately  measured  portion  of 
sewage.  _ _ 

All  total  volatile  matter  data  recorded  in  this  report  were 
obtained  by  this  method  except  the  results  of  the  special  sub- 
sidence experiments.  This  determination  involves  the  Volatiliza- 
tion of  dissolved  mineral  matters  as  stated. under. /.^Suspended 
Matter/'  and  has  long  been  recognized,  as  being  subject  to  con- 
siderable error  when  it  is  a  question  of  absolute  results-  Under 
Jairly  constant  conditions  such  as  prevxiiled  during  these-tests 
-the  results  possess  a-r^lative  value  and  are  of  especial  interest, 
since  no  other  process  yields  data  relative  to  the  actual  weight 
of  the  organic  matter  in  sewage. 
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Suspended  volatile  matter  results  appear  to  be  of  mueh 
value  in  sewage  work  because  they  tbrow  much  light  on  the 
nature  of  sludge. 

Volatile  suspended  matter  results  obtained  by  an  ignition 
of  the  suspended  matters,  directly  obtained  by  filtration  through 
asbestos  in  a  Gooch  crucible  are,  as  already  stated,  superior  to 
the  old  indirect  method  involving  evaporation  in  platinum  dishes. 

Certain  sources  of  error  in  the  evaporation  method  are 
illustrated  by  the  following  data  which  indicate  the  liability  to 
incomplete  combustion  of  the  organic  matters  in  the  presence  of 
high  mineral  solids.  Errors  due  to  volatilization  and  deoxygena- 
tion  of  mineral  matters,  are  too  well  known  to  require  special 
discussion. 

Effect  of  a  Second  Ignition  of  Dried  Residue 
Upon  the  Total  and  Dissolved  Matter, 


• 

,       ^.                     _                                   -^ : 1 1-^ 

VOLATILE    MATTER 

CHARACTER 

PARTS  PER   MILLION 

PER   CENT. 
FIRST  IGNITION 

OF 
SAMPLE 

TOTAL 

DISSOLVED 

IS  OF 
SECOND  IGNITION 

• 

1st 
Ignition 

2nd 
Ignition 

1st 
Ignition 

2nd 
Ignition 

Total 

Dis- 
solved 

Crude  Sewage 

72 

104 

98 

92 
126 
106 

44 
76 

78   . 

54 
■      88 
82  . 

78 
82^ 

^1 

81 
.86 
95    . 

Settled  Sewage 

70 

178    . 
160 

96 

200  . 
186 

42 
114 
114 

'58       • 

.122         : 

134 

73   - 

89 

86 

77 
93 
85 

Septic  Sewage 

74 
162 

182 

.  110 

188   . 
i08 

40 

114      , 
126 

58    . 
1?6 
156 

:      67 

86  ,., 
8S 

70 
90 
81 

Effluent  of. 

Coarse  Grain 

Filter 

68 
70 
66 

^8      . 
100 

108 

•  40 
40 
40 

52    , 
'     48    ■ 
50 

,70 
70 
61 

.     77    ; 
83 
80 

The  total  organic  matter  as  roughly  indicated  by  the  vola- 
tile  matter  results  ranged  from  42  to  418  parts  per  million  and 
averaged  190  parts.  The  volatile  matters  increased  largely  dur- 
ing the  initial  stages  of  storms,  falling,  off  appreciably  as  th^ 


44 


REPORT  ON   SEWAGE   PURIFICATION 


percentage  of  clay  particles  became  more  pronounced.  Relative 
volatile  matter  resfults  during  average,  storm  and  extreme  dry- 
weather  flows  are  contained  in  the  following  table: 

Volatile  Matter  in  Average,  Storm  and  Extreme 

Dry  Weather  Sewage. 


TOT  A  I, 

Parts  pbr  Million 

VOI^ATILE 
MATTBli 

Average 
Sewage 

Storm 
Sewage 

Extreme  Dry 
Weather  Sewage 

Maximum 

Minimum 

Average 

418 

42 

190 

330 
146 
262 

336 

100 

207 

Nitrogenous  Organic  Matter. 

The  unoxidized  nitrogen  in  crude  sewage  is  measured  by- 
two  determinations,  namely,  organic  nitrogen  and  nitrogen  as 
free  ammonia.  The  former  measures  the  amount  of  nitrogen  in 
undecomposed  compounds  of  crude  organic  matter,  while  the 
latter  represents  an  amount  of  nitrogen  as  an  ammonium  salt 
which  has  been  formed  by  a  partial  decomposition  of  the  crude 
organic  matter  by  bacterial  activity. 

In  the  nitrogen  work  at  this  station  the  Kjeldahl  method 
was  used  to  the  exclusion  of  the  albuminoid  ammonia  process. 
The  albuminoid  ammonia  process  was  in  general  use  for  many 
years  in  this  country  and  in  England,  but  quite  recently  it  has 
been  largely  supplanted  by  the  Kjeldahl  process  in  the  larger 
laboratories.  The  former  process  has,  as  is  well  known,  long 
been  recognized  as  yielding  uncertain  results  which  represent 
only  a  varying  portion  of  the  total  organic  nitrogen. 

During  the  tests  a  number  of  studies  were  made  comparing 
the  results  of  the  albuminoid  process  with  those  obtained  by  the 
Kjeldahl.  The  average  of  22  analyses  of  Columbus  sewage  in- 
dicated that  the  ratio  was  about  1  to  2.  This  ratio  of  course  is 
subject  to  wide  variation  (21  to  83  per  cent.),  but  still  may 
serve  as  a  rough  factor  for  converting  Kjeldahl  nitrogen  results 
to  their  albuminoid  nitrogen  value. 

Kjeldahl  Nitrogen.  During  the  first  eight  months  of  these 
tests  the  usual  Kjeldahl  process  was  used,  determining  thereby 
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the  total  iinoxidized  nitrogen.  The  technique  involves  digestion 
with  sulphuric  acid  alone,  followed  by  neutralization  and  dis- 
tillation of  the  digestate. 

In  conjunction  with  these  tests  studies  were  directed  toward 
a  method  for  determining  the  nitrogen  in  the  Kjeldahl  process 
by  direct  nesslerization  of  the  ammonia  thus  formed.  The 
methods  used  to  a  certain  extent  by  Rideal  and  McGowan  were 
taken  as  a  basis,  and  when  modified  yielded  satisfactory  results 
when  applied  to  Columbus  conditions. 

These  changes  were  the  result  of  an  extended  inquiry  into 
the  causes  of  the  disturbing  turbidity  which,  as  is  well  known, 
has  been  the  chief  drawback  to  the  applicability  of  the  direct 
process. 

In  brief  terms  the  method  includes  the  usual  digestion  with 
sulphuric  acid  of  an  amount  of  sewage  corresponding  to  from 
0.00050  to  O.OOIOO  gram  total  nitrogen,  following  which  the 
digestate  is  diluted  to  50  c.  c,  25  c.  c.  removed,  partially  neutral- 
ized with  pure  caustic  soda,  cooled  and  then  made  alkaline  add- 
ing 2  c.  c.  excess  of  25  per  cent,  caustic  soda  and  2  c.  c.  of  a  10 
per  cent,  carbonate  of  soda  solution.  The  solution  is  then  cooled^ 
made  up  to  a  volume  of  100  c.  c.  and  allo^i^ed  to  stand  at  least 
six  hours.  Ten  c.  c.  of  the  clear  solution  are  then  removed^ 
diluted  to  50  c.  c,  thoroughly  mixed  and  nesslerized.  No  per- 
manganate is  used  in  this  method.  The  results  are  expressed  in 
terms  of  the  total  unoxidized  nitrogen. 

Experience  at  this  station  indicates  that  the  following 
factors  are  the  controlling  causes  of  turbid  tubes  so  often  ob- 
served in  attempts  at  direct  nesslerization. 

(a)  Insufficient  preparatory  treatment  of  the  sample  where- 
by a  precipitation  of  calcium  carbonate  or  of  magnesium  hydrate 
results,  and  in  general  the  formation  by  the  alkali  of  the  Ness- 
ler's  reagent  of  any  other  precipitate  whatsoever  save  the  normal 
colloidal  mercury  ammonium  iodide. 

(b)  The  use  of  caustic  soda  containing  organic  matter. 

(c)  The  presence  of  a  manganous  salt  from  the  use  of  per- 
manganate in  the  digestion. 

(d)  The  presence  in  the  nesslerized  tubes  of  calcium  as 
sulphate  in  hard  sewages  above  50  parts  per  million,  and 
further,  the  neglect  to  mix  thoroughly  the  solution  before  ness- 
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lerizing  even  in  cases  where  the  calcimn  in  a  tube  containing  a 
homogeneous  solution  would  be  below  the  limiting  value  of  50 
parts  per  million. 

Comparative  Results  by  the  Direct  and  Distillation  Method. 
In  the  work  at  Columbus  before  substituting  the  direct  method 
for  the  distillation  process  in  current  use,  as  was  done  during 
the  last  two  months  of  the  tests,  a  suflScient  number  of  com- 
parative analyses  were  made  to  make  certain  that  the  results 
would  be  strictly  comparable  with  those  of  the  older  method. 
At  the  same  time  it  was  thought  that  the  simpler  technique  of 
the  direct  method  and  the  elimination  of  all  factors  of  error  asso- 
ciated with  the  distillation  might  be  the  means  of  giving  some- 
what higher  results.  Representative  comparative  results  are 
shown  in  the  table  below,  from  which  it  appears  that  the  results 
by  the  direct  process  are  substantially  the  same  as  those  obtained 
by  the  distillation  of  the  neutralized  digestates.  The  difEerences 
observed  in  the  results  by  the  two  methods  are  so  slight  as  to  be 
outweighed,  from  a  practical  standpoint,  by  the  very  great 
saving  of  time  effected  by  the  use  of  the  direct  process. 

Representative  Organic  Nitrogen  Results  by  Kjeldahl — 
Comparison  of  the  Direct  and  Distilled  Methods. 


Nitrogen— Parts  Per  Million 


Orgj 

aitiic 

CRUDB  SEWAGE 

• 

Direct 

Distilled 

1 

10.1 

9.7 

2 

4.5 

45 

3 

9.0 

8.6 

4 

10.3 

9.9 

5 

4.9 

4.7 

6 

10.7 

10.3 

7 

5.1 

5.1 

8 

13.9 

14.9 

Nitrogen  as  Free  Ammonia.  There  are  two  methods  for  the 
determination  of  nitrogen  in  sewage  in  the  form  of  ammonium 
salts,  namely,  by  distillation  with  sodium  carbonate  or  magnesia, 
or  by  direct  nesslerization.  The  latter  method  is  rapidly  coming 
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into  general  use,  and  was  used  during  the  greater  part  of  these 
tests.  Owing  to  the  high  ina:gnesium  content  of  Columbus  sewage 
and  the  relatively  large  amount  of  half -bound  carbonic  acid  pres- 
ent, treatment  with  a  slight  excess  of  alkali  suffices  to  soften  the 
sewage  and  to  furnish  a  coagulant  which  satisfactorily  entrains 
the  suspended  matter,  so  that  after  subsidence  for  several  hours 
from  2  to  10  c.  c.  of  the  clear  supernatant  liquid  may  be  removed 
and  nesslerized  without  interfering  turbidity.  This  method  has 
been  found  to  give  excellent  results  with  a  considerable  economy 
of  time. 

The  advantages  attached  to  the  direct  method  of  determin- 
ing nitrogen  in  sewage  in  the  form  of  ammonium  salts  refer  to 
the  fact  that  by  distillation  there  is  obtained  a  certain  amount 
of  ammonia  split  off  from  partially  reduced  nitrogenous  organic 
compounds  on  the  border  line  between  ammonium  salts  and 
crude  organic  matter.  Under  such  circumstances  a  direct  pro- 
cess should  give  somewhat  lower  results  which  are  representa- 
tive of  true  ammonium  compounds  alone.  According  to  ex- 
perience gained  at  this  station  the  direct  results  average  about 
90  per  cent,  of  those  obtained  by  distillation.  In  the  following 
table  are  shown  the  results  obtained  upon  this  point : 


Comparison  of  Ammoniacal  Nitrogen  Results 
by  the  Direct  and  Distillation  Methods, 


Number 

of 

Samples 

Averaged 

Nitrogen  as 
Ammonia 

Percentage 
which  Direct 

Character  of 
Samples 

Parts  per  Million 

Results  were 
of  Distilled 

Direct 

Distilled 

Results 

Crude  Sewage 

Settled  Sewage 

Septic  Sewage 

32 
33 
27 

13.1 
13.1 
12.8 

15.1 
14.8 
14.0 

87 
90 
90 

Nitrogen  Content  of  Columbus  Sewage.     The  organic  nitro- 
gen .in  the  crude  sewage  averaged  about  9.0  parts  per  million ; 
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the  free  ammonia  ranged  during  the  tests  from  7.2  parts  to  16.9 
parts,  and  averaged  11  parts  per  million. 

Catbonaceous  Matter. 

The  organic  carbon  in  sewage  is  roughly  represented  by 
the  oxygen  consumed  test  by  which  there  is  measured  the  amount 
of  oxygen  consumed  in  the  oxidation  of  the  organic  matter.  As 
is  well  known,  there  are  many  modificjttions  of  the  method.  Com- 
mon to  all  American  modifications  an  excess  of  permanganate  is 
added  to  the  acidified  sample,  and  after  different  periods  of  con- 
tact at  or  near  a  boiling  temperature  there  is  determined  the 
unused  excess  of  the  reagent. 

Method  Practiced.  The  method  used  at  this  station  em- 
braced a  5-minute  period  of  boiling.  The  permanganate  was 
added  to  the  cold  solution  and  by  this  means  there  were  included 
in  the  results  those  organic  matters  which  are  volatile  below  the 
boiling  point  of  water.  In  sewage  work  this  seems  an  important 
modification  when  the  boiling  methods  are  employed. 

Other  Modifications.  No  method  has  undergone  greater 
modification  than  that  for  the  determination  of  the  oxygen  con- 
sumed by  or  absorbed  from  potassium  permanganate.  Such  con- 
ditions have  arisen  from  a  desire  to  obtain  by  permanganate  an 
expression  for  the  relative  abundance  of  stable  and  putrescible 
matters.  None  of  the  many  modifications  of  the  permanganate 
test  may  serve  as  a  measure  of  the  actual  amount  of  organic  car- 
bon and  upon  those  grounds  the  test  would  appear  to  be  on  a 
par  with  albuminoid  ammonia.  In  the  absence  of  an  absolute 
test  and  especially  in  connection  with  studies  relative  to  the 
putrescible  matters  in  sewage  the  test  is  however  of  considerable 
value. 

Relative  Results,  iy  the. Different  Methods  anjLtke-5^Minute 
Boiling  Method.  A  more  or  less  definite  relation  appears  to  exist 
between  the  several  oxygen  consumed  tests.  The  following  table 
illustrating  the  relation  between  the  several  methods  and  the 
5rminute  boiling  method  has  been  compiled  from  available  data, 
acknowledgment  of  which  is  here  made: 
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Comparison  of  Oxygen  Consumed  Results  by  Different  Methods. 


Time 
of  Contact 

Tempera- 
ture 

T>eg.  C. 

Relative  Results  to  5-Minute  Boil 

Authority 

(Minutes) 

Columbus 

Fuller 

Kinnicutt 

3 

15 

240 

30 

240 

2 

5 

10 

26.7 

26.7 

26.7 

96.0 

100.0 

100.0 

100.0 

100.0 

0.20 
0.33 
0.56 
3.14 
4.73 
0.74 
1.00 
1.18 

0.20 
0  35 
0.60 

4!6o 

0.65 
1.00 
1.25 

•  •  •  • 
0.30 
0.48 

•  •   •   • 

•  •    •    a 

0.65 
1.00 
1.52 

The  Cold  Test,  This  test  as  used  in  England  determines 
the  oxygen  consumed  from  permanganate  during  a  practically 
instantaneous  period  of  contact.  It  indicates  roughly  the  pro- 
portions of  highly  putrescible  matters.  In  some  instances  dur- 
ing determinations  made  at  the  station  by  the  method  previously 
described,  it  was  noted  that  a  considerable  amount  of  perman- 
ganate was  absorbed  in  the  cold.  This  amount  may  perhaps  be 
ascribed  to  the  reducing  power  of  the  highly  unstable  matters 
and  sulphide  of  iron  and  hence  the  test  may  have  certain  pos- 
sibilities whereby  there  may  be  determined  the  relative  freshness 
of  different  sewages. 

The  amount  of  permanganate  required  to  produce  an  end 
point  in  the  cold  of  course  varies  greatly  with  different  sewages. 
The  following  table  contains  a  few  representative  data  referring 
to  the  question  of  the  decomposition  of  permanganate  in  cold 
acid  solutions: 
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Bepresentative  Results  Showing  the  Relation  of  Oxygen  Con- 
sumed from  Permanganate  After  Instantaneous  Coniact  in 
the  Cold  and  After  a  Five-Minute  Period  of  Boiling, 


Parts  Per  Mii^uon 

Samples  of 

Crude  Sewag-c 

Cold  Test 

Five  Minute 

Per  Cent,  which 
Cold  Test  is  of  Five 

■ 

Boil 

Minute  Boil 

1 

9 

60 

15 

2 

3 

78 

4 

3 

6 

41 

15 

4 

6 

30 

20 

5 

6 

73 

12 

6 

2 

25 

8 

7 

3 

66 

5 

8 

8 

78 

10 

9 

8 

97 

8 

10 

7 

113 

6 

Chlorine, 

Chlorine  in  sewage  is  derived  from  urine,  wastes  from  the 
household  and  from  the  ground  water  which  finds  its  way  into 
the  sewers.  It  is  usually  present  in  sewage  as  common  salt,  or 
sodium  chloride,  but  may  also  be  in  combination  with  calcium  or 
magnesium.    In  the  tables,  the  results  are  recorded  as  chlorine. 

The  chlorine  content  of  the  local  crude  sewage  is  about  65 
parts  per  million  on  the  average,  while  that  of  New  England 
sewages  ranges  around  50  parts.  The  reason  for  the  higher 
chlorine  value  at  Columbus  undoubtedly  is  due  to  the  chemical 
composition  of  the  soil  of  this  locality,  where  ground  water  forms 
probably  rather  more  than  the  usual  proportion  of  the  total  flow 
of  the  main  sewerage  district. 

In  order  to  obtain  information  relative  to  the  chlorine  con- 
tent of  the  ground  water  in  and  about  Columbus,  samples  were 
collected  from  a  number  of  wells  of  different  depths.  From  the 
results  of  the  examination  of  18  well  waters,  details  of  which 
are  to  be  found  in  the  appendices,  it  was  found  that  the  ground 
waters  contain  amounts  of  chlorine  ranging  from  9  to  57  parts 
and  averaging  34  pairts  per  million. 
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Total  Mineral  Matter, 

Owing  to  the  hardness  of  the  Columbus  water  supply  and 
the  geological  conditions  in  and  about  the  city,  the  local  sewage 
contains  high  quantities  of  dissolved  mineral  matters.  These 
matters,  particularly  at  time  of  storm  flow,  are  materially  aug- 
mented by  the  suspended  matters  of  a  mineral  nature  which  are 
usually  noted  in  domestic  sewage. 

Hardness.  The  alkalinity  of  the  crude  sewage  varied  from 
220  parts  to  540  parts  and  averaged  350  parts  per  million.  The 
magnesium  (Mg)  averaged  40  parts,  and  the  calcium  (Ca)  76 
parts  per  million.  The  incrustants  were  combined  as  sulphates 
(SO^),  which  were  normally  present  to  the  extent  of  about  200 
parts  per  million. 

Total  Dissolved  and  Suspended  Mineral' Matter,  From  the 
results  of  the  daily  analyses  of  the  crude  sewage  which  are  sum- 
marized in  the  next  table,  it  is  to  be  noted  that  on  an  average  84 
per  cent,  of  the  mineral  matters  are  in  solution.  The  minimum 
results  for  dissolved  mineral  matters  and  the  maximum  for  sus- 
pended mineral  matter  (fixed  residue  after  ignition)  are  found 
at  times  of  storms  when  the  sewage  is  largely  diluted  and  carries 
much  suspended  clay  coming  from  unpaved  streets. 

Mineral  Matter  in  Columbus  Sewage. 


Parts  Per  Mii^lion 

Mineral 
Matter 

Maximum 

Minimum 

Average 

Total 

1312 
940 
718 

484 

360 

0 

809 

Dissolved 

Sttspended ... . . . 

580 
129 

Iron, 

The  amount  of  iron  naturally  varied  considerably  in  the 
raw  sewage,  according  to  rainfall  and  other  conditions.  In  con- 
nection with  the  question  of  iron  as  a  clogging  agent  in  the  filter 
it  is  of  interest  to  note  the  daily  quantities,  as  follows ; 
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Total  Dissolved  and  Suspended  Iron  in  Crude  Sewage, 


Parts  Per 

Parts  Per 

Parts  Peh 

Million 

DATE 

190& 

Million 

DATE 

1905 

M  ILLION 

DATE 

Iron  (Fe) 

Iron  (Fe) 

Iron  (Fe) 

1905 

•o 

•2 

•o 

•s 

•o 

0> 

c 

9i 

> 

at 

a 

•3 

OB 

a 

o 
H 

14.0 

Q 
2.4 

ttt 

s 

CO 

11.6 

o 
10.0 

(A 

CD 

a 

CO 

& 
4.0 

OB 

Q 
2.0 

s 

(0 

Feb.  22 

April    7 

May    23 

2.0 

**     23- 

4.0 

1.0 

3  0 

'*       10 

30.0 

4.0 

26.0 

*•       25 

4.0 

1.0 

3.0 

**     24 

12.0 

1.4 

10.6 

♦♦       11 

20.0 

1.6 

18.4 

**       26 

18  0 

1.6 

16.4 

**     25 

16.0 

1.8 

14.2 

**      12 

12.0 

1  0 

11.0 

**       27 

32.0 

1.6 

30.4 

*♦     26 

8.0 

1.0 

7.0 

**       13 

8.0 

1.4 

6.6 

'♦       28 

16.0 

1.6 

14.4 

**     27 

20.0 

1.0 

19.0 

**       14 

6.0 

2.0 

4.0 

**       29 

15.0 

2.0 

14.0 

Mar.  1 

24.0 

0.8 

23.2 

**       15 

42  3 

4.6 

37.7 

**      30 

24.0 

1.2 

22.8 

**       2 

16.0 

0.8 

15.2 

**       16 

4.0 

2.0 

2.0 

**      31 

8.0 

1.8 

6.2 

"       3 

26.0 

0.4 

25.6 

»«       17 

12.0 

2.4 

9.6 

June    1 

8.0 

2.0 

6.0 

**       4 

28  0 

2.8 

25.2 

**      20 

30.0 

2.0 

28.0 

3 

8.0 

1.4 

6.6 

**      5 

32.0 

2.4 

29.6 

**       21 

30.0 

2.0 

28.0 

4 

8.0 

3.2 

4.8 

**       6 

8.0 

1.0 

7.0 

**       22 

42.0 

1.0 

41.0 

5 

36.0 

1.0 

35.0 

**      7 

12.0 

1.2 

10.8 

*'       23 

10.0 

0.8 

9.2 

6 

16.0 

1.6 

14.4 

♦*      8 

10.0 

0.6 

9.4 

**       24 

8.0 

0.6 

7.4 

7 

16.0 

1.6 

14.4 

i«      9 

12.0 

0.6 

11.4 

**       26 

40.0 

1.2 

38  8 

8 

12.0 

1.4 

10.6 

**     12 

6.0 

0.6 

5.4 

"       27 

12.0 

1.4 

10.6 

9 

12.0 

2.0 

10.0 

**     13 

10.0 

0.6 

9.4 

**      28 

16.0 

1.4 

14.6 

♦*       10 

13.0 

1.4 

10.6 

*t     14 

6.5 

0.6 

5.9 

.«       29 

20.0 

1.0 

19.0 

**       11 

16.0 

1.2 

14.8 

"     IS 

7.5 

0.4 

7.1 

••       30 

8.0 

0.4 

7.6 

"       13 

12.0 

1.6 

10.4 

"     16 

12.5 

0.8 

11.7 

May     .1 

20.0 

4.4 

15.6 

*•       14 

16  0 

1.4 

14.6 

**     18 

20.0 

1.8 

18.2 

2 

16.0 

2.4 

13.6 

'*       15 

20.0 

0.6 

19.4 

.»     19 

8.0 

1.2 

6.8 

4 

16.0 

2  0 

14.0 

*•       16 

32.0 

0.8 

31.2 

*•    20 

16.0 

0.8 

15.2 

5 

4.0 

1.2 

2.8 

**       17 

16  0 

0.8 

15.2 

**     21 

36.0 

1.4 

34.6 

6 

38.0 

10.0 

28.0 

**       18 

16  0 

0.6 

15.4 

**    ^2 

14.0 

1.2 

12.8 

7 

4.0 

0.8 

3.2 

u       19 

16.0 

1.2 

14  8 

**     23 

14.0 

1.4 

12.6 

8 

20.0 

1.6 

18.4 

**       21 

24.0 

1.6 

22.4 

•*     25 

24.0 

1.8 

22.2 

9 

35.0 

2.0 

33.0 

"       22 

24.0 

2.4 

21.6 

**     26 

4.0 

0.8 

3.2 

**       10 

3.3.2 

1.2 

32.0 

**       23 

8.0 

1.4 

6.6 

**     27 

8.0 

1.2 

6.8 

*♦       12 

67.5 

7.2 

60.3 

**       24 

21.6 

2.0 

19.6 

**     28 

12.0 

1.6 

10.4 

♦*       13 

50.0 

1.8 

48.2 

"       25 

8.0 

0.6 

7.4 

**     29 

8.0 

1.6 

6.4 

**       14 

42.3 

6.0 

36.3 

**       26 

36.0 

1.6 

34.4 

**     31 

4.0 

1.0 

3.0 

**       15 

18.0 

1.8 

16.2 

**       27 

8.0 

0,8 

7.2 

Apr.    1 

6.0 

1.0 

5.0 

"       16 

42.3 

0.4 

41.9 

**       28 

8.0 

1.8 

6.2 

**       2 

8.0 

1.4 

6.6 

"      17 

6.0 

0.8 

5.2 

»*       29 

8.0 

1.2 

6.8 

**      3 

14.0 

1.2 

12.8 

**      18 

6.0 

1.0 

5.0 

**       30 

8.0 

1.2 

6.8 

**       4 

12.0 

1.6 

10.4 

**       20 

14.0 

1.4 

12.6 

**      5 

10.0 

1.2 

8.8 

**       21 

4.0 

0.4 

3.6 

Averages 

16.5 

1.6 

14.9 

•*      .6 

10.0 

1.2 

8.8 

"       22 

16.0 

1.8 

14.2 
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BACTERIAL  FLORA.  OP  THE  CRUDE  SEWAGE. 

Total  Number  of  Bacteria.  The  total  number  of  bacteria 
contained  in  the  sewage  ranged  from  320,000  to  27,000,000,  and 
averaged  3,600,000  per  cubic  centimeter. 

Numbers  of  B.  Coli  Communis.  During  the  tests  ten 
samples  of  the  crude  sewage  were  analyzed  for  the  numbers  of 
B.  coli  communis  contained  therein.  These  determinations  were 
carried  out  by  the  different  tests  recommended  by  the  Committee 
on  Standard  Methods,  and  the  results  given  in  the  following 
table  show  that  in  these  ten  samples  the  numbers  of  B.  coli 
ranged  from  50,000  to  1,000,000  per  cubic  centimeter,  and  aver- 
aged 500,000  per  cubic  centimeter. 

The  reason  why  such  a  wide  range  in  the  numbers  of  this 
species  was  noted  may  be  that  the  samples  showing  the  low  num- 
bers may  have  been  free  from  particles  of  fresh  feces,  while 
those  containing  the  high  numbers  may  have  contained  the  same. 

Relative  Numbers  of  Total  Bacteria  and  B.  Coli 

in  Columbus  Sewage. 


Date 

1904-5 


October  4 

October  17 

November  17 

December  1. .... , 

December  12 

December  20 

December  27 

June  IS,  1905 

12  P-8  A 

8  A-4  P 

4  P-12P 

Average 


Bactrria  per  Cubic  Centimeter 


Total 
Numbers 


6,000,000 
4,600,000 
4,500,000 
2,800,000 
3,500,000 
2,600,000 
1,300,000 


6,500,000 
6,500,000 
4,500,000 


6,000,000 


B.  Coli 


400,000 

1,000,000 

1,000,000 

300,000 

100,000 

100,000 

50,000 


350,000 

1,000,000 

50,000 


500,000 


Per  Cent. 

which    B.   Coli 

yrB.a  of  Total 

Numbers 

of  Bacteria 


7 

22 

22 

11 

3 

4 

4 


5 

15 

4 


8 


Kinds  of  Bacteria.    As  time  permitted  studies  were  made 
to  determine  the  different  kinds  of  bacteria  in  the  crude  sewage, 
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and  during  the  tests  96  organisms  were  isolated  therefrom,  classi- 
fied and  identified.  The  species  identified  and  the  number  of 
times  that  each  was  found  are  recorded  in  the  next  table;  and 
in  the  insert  table  following  are  the  differential  characteristics 
according  to  current  standard  methods  of  analysis. 

Kinds  of  Bacteria  in  the  Crude  Sewage. 

Species.  Number  of  Times  Found. 

B.  mesentericus  vulgatus 7 

B.  liquidus   8 

B.  liquefaciens 21 

B.  coli  communis 19 

B.  sporogenes  1 

B.  pyocyaneus 2 

B.  bruneus 4 

B.  fluoroscens  2 

B,  hyalinus 3 

B.   circulans    2 

B.   fuscus    3 

B.  nubilus  2 

B.  dellicatallus 3 

B.  weichselbaumii   2 

B.  stellatus  1 

B.  helvolus 1 

B.  cereus 1 

B.  cloacae   1 

B.  proteus  zenkeri 1 

B.  monadiformis   1 

B.  aeris  munitissimus 1 

M.  tetragenus  mobilis  ventriculi 1 

M.  casei 1 

M.  albicans  amplus 1 

M.  f ervidosus   1 

Str.  coli-gracilis 1 

Str.  enteritis 1 

Sarcina  alba 1 

Ps.  turcosa   1 

Ps.  nebulosa 1 

Ps.  ochracous  1 

Total    31  species 

Special  Bacterial  Studies. 

During  the  tests  various  special  studies  of  a  bacterial  nature 
were  made  and  the  results  used  to  advantage  in  operating  the 
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devices  and  in  interpreting  results.  They  referred  especially  to 
questions  of  nitrification,  denitrification  and  the  life-history  of 
B.  coli  in  sewage  and  effluents. 

Many  of  these  results  are  referred  to  elsewhere  in  this  re- 
port. Here  it  will  be  well  to  mention  only  one  point,  viz. :  the 
evidence  that  parchment  sacs  are  not  impervious  to  motile  bac- 
teria, even  when  acting  perfectly  as  dialyzers.  This  shows  that 
caution  must  be  used  in  interpreting  the  results  of  tests  made  by 
this  procedure.* 


*  See  Eni^ineering-  Record,  September  23i  1905. 


Chapter  II. 


Description  of  the  Testing  Station. 


On  Plate  I.  the  location  of  the  testing  station  is  shown  with 
reference  to  the  main  sewerage  district,  and  on  Plates  II.,  III., 
IV.  and  V.  are  shown  plans  and  sections  indicating  some  of  the 
more  essential  details  of  the  plant.  In  this  chapter  it  is  the  pur- 
pose to  record  concisely  all  details  of  importance  with  reference 
to  the  construction  and  arrangement  of  the  station. 

LOCATION. 

The  testing  station  was  located  at  the  foot  of  Moler  Street, 
near  the  Hocking  Valley  Railroad  tracks.  It  was  about  1.73 
miles  south  of  the  City  Hall  and  about  2,300  feet  from  the  point 
of  discharge  into  the  Scioto  River  of  the  intercepting  sewer 
which  has  been  described  in  detail  in  Chapter  I.  On  the  west 
side  of  the  river,  100  feet  down  stream  from  a  point  opposite 
the  sewer  outfall,  is  located  the  main  sewage  pumping  station 
now  in  process  of  erection,  and  to  which  the  entire  sewage  of  the 
city  will  be  directed  by  the  various  improvements  and  additions 
to  the  sewerage  system  now  being  built.  From  the  Hocking  Valley 
Railroad  tracks,  near  the  foot  of  Moler  Street,  a  permanent  sid- 
ing has  been  built  leading  to  the  new  pumping  station.  This 
track  will  later  be  extended  to  the  purification  works,  about  1.5 
miles  farther  down  on  the  west  side  of  the  Scioto  River.  This 
siding  which  was  determined  upon  before  the  testing  station 
was  designed  caused  the  latter  to  be  arranged  somewhat  less 
compactly  than  otherwise  would  have  been  the  case. 

ARRANGEMENT    OF    THE    STATION. 

Before  entering  in  to  the  details  of  the  devices  it  will  be 
well  for  the  sake  of  explicitness  to  state  the  general  features  of 
the  arrangement  as  outlined  on  the  general  plan.     (Plate  II.) 
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The  various  devices  may  be  grouped. as  follows; 

1.  Pumping  plant  comprising  a  pump  chamber  in  the  inter- 
cepting sewer,  a  pump  house  for  the  electric  motor  and  a  screen 
chamber  from  which  the  sewage  flowed  to  the  various  prepara- 
tory devices. 

2.  Seven  uncovered  rectangular  tanks  about  40  feet  long  by 
8  feet  wide  by  8  feet  deep,  in  which  there  were  tested  the  various 
preparatory  treatments,  including  sedimentation  in  the  grit 
chambers  at  high  velocities,  plain  sedimentation  at  low  velocities, 
septic  treatment  and  chemical  precipitation. 

3.  Two  coke  strainers  for  removing  the  suspended  matter 
from  the  sewage,  one  located  in  the  East  Gallery  and  one  in  the 
North  Gallery. 

4.  Six  contact  filters,  two  located  in  the  East  Gallery  and 
four  in  the  South  Gallery,  at  an  elevation  such  that  the  latter 
four,  as  desired,  could  be  operated  as  secondary  filters. 

5.  Six  sprinkling  filters,  four  located  in  the  North  Gallery, 
one  in  the  East  Gallery  and  one  in  the  South  Gallery. 

6.  Twenty-one  intermittent  sand  filters,  thirteen  located  in 
the  North  Gallery  and  the  remainder  in  the  South  Gallery,  at  an 
elevation  sufficiently  low  to  receive  the  effluent  from  the  devices 
located  in  the  East  Gallery. 

7.  Laboratory  and  office  building. 

In  addition  to  the  main  portions  of  the  plant  listed  above 
there  were  of  course  numerous  appurtenances  such  as  measuring 
devices,  orifice  boxes,  chemical  solutiion  tanks,  small  settling 
basins,  etc.,  besides  the  piping  necessary  for  connecting  the  de- 
vices. 

Some  modifications  were  made  during  the  tests  and  the  more 
important  ones  are  here  recorded.  Further  details  as  to  changes 
are  described  in  the  following  chapter  under  *' Features  of 
Operation.^' 

From  the  general  plan  of  the  station  and  what  has  been  said 
above  with  reference  to  the  railroad  siding  the  reason  for  arrang- 
ing the  different  filters  in  three  separate  galleries  is  apparent.  In 
the  East  and  North  Galleries  the  tanks  were  at  such  an  elevation 
as  to  receive  readily  the  flow  from  the  various  rectangular  tanks, 
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and  the  South  Gallery  so  situated  that  the  filters  therein  could 
receive  the  effluent  of  those  in  the  East  Gallery.  A  table  of  com- 
parative elevations  is  given  at  the  close  of  this  chapter. 

In  the  East  Gallery  were  located  the  devices  for  preparing 
chemical  solutions  used  in  the  chemical  precipitation  process.  A 
shed  covered  these  devices. 

In  the  other  two  galleries  there  was  a  shed  covering  the 
piping  and  measuring  boxes  between  the  filters.  The  latter  were 
themselves  entirely  uncovered. 

A  temporary  building  64  by  32  feet  was  built  and  equipped 
as  an  ofSce  and  laboratory.  Plate  VI.  shows  its  arrangement  in 
sufficient  detail. 

Before  taking  up  the  details  of  construction  of  the  various 
settling  basins  and  filters  it  may  be  said  that  practically  all  of 
the  sewage,  amounting  on  an  average  to  about  350,000  gallons 
per  day,  was  first  screened  and  then  passed  through  the  so-called 
grit  chambers  in  order  that  the  coarser  matter  might  be  deposited 
therein.  From  the  grit  chamber  most  of  the  sewage  passed 
through  one  or  another  of  the  large  rectangular  tanks  used  in 
testing  plain  sedimentation,  chemical  precipitation  and  the  septic 
process.  A  portion,  however,  of  the  sewage  upon  leaving  the 
grit  chamber  was  applied  to  two  sand  filters,  two  coke  strainers, 
two  contact  filters  and  two  sprinkling  filters.  One  septic  tank 
during  the  latter  part  of  the  tests  received  unsettled  sewage 
direct  from  the  screen  chamber. 

Thirteen  of  the  sand  filters  were  used  in  testing  the  sewage 
after  it  received  some  preparatory  treatment  other  than  in  the 
grit  chamber  (but  not  filtration)  at  rates  of  filtration  ranging 
from  150,000  to  450,000  gallons  per  acre  daily.  The  remaining 
six  sand  filters  were  devoted  to  purification  at  higher  rates  of 
the  sewage  after  it  had  received  an  intermediate  purification  by 
some  form  of  rapid  filtration  through  filters  of  broken  stone. 

The  full  purpose  of  the  different  devices  is  set  forth  in  a 
greater  length  in  connection  with  the  features  of  operation  as 
described  in  the  first  few  pages  of  Chapters  IV.,  V.  and  VI. 

PUMPING  PLANT. 

Pump  Chamber.  All  the  sewage  used  in  these  tests  was 
delivered  from  the  72-inch  intercepting  sewer  by  an  electri- 
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cally  driven  centrifugal  pump  of  the  submerged  type,  set  in  a 
chamber  18  inches  above  the  bottom  of  the  sewer.  This  pump 
chamber  is  shown  on  Plate  III.  and  was  built  of  timber  on  the 
bottom  of  the  existing  manhole.  The  timbers  were  set  into  the 
brickwork,  and  the  upstream  end  of  the  planking  was  bolted  to 
the  side  of  the  sewer  at  an  angle  so  as  to  gradually  constrict  the 
channelto  one-half  the  full  area  of  the  sewer.  The  side  of  the 
chamber  parallel  with  the  center  line  of  the  sewer  was  left  open, 
but  was  protected  by  a  screen  6  square  feet  in  area  and  having 
an  0.5-inch  clear  mesh.  Ordinarily  the  sewer  flowed  a  little  over 
half  full  at  this  constricted  section  and  with  a  velocity  sufficient 
to  keep  the  screen  clean.  It  is  also  to  be  noted  that  the  suction 
of  the  pump  was  located  ordinarily  at  about  mid-depth  of  the 
stream. 

Pump.  The  4-inch  vertical,  submerged  centrifugal  pump 
had  a  shaft  20  f ee^  long  extending  above  the  top  of  the  manhole 
and  was  belt-connected  to  a  15  H.  P.  horizontal  500-volt  direct- 
current  shunt-wound  motor  located  in  the  small  pump  house  built 
over  and  around  the  manhole.  The  electric  current  for  operating 
the  motor  was  obtained  from  the  street  railway.  The  pump  was 
designed  for  a  capacity  ranging  from  300,000  to  700,000  gallons 
per  24  hours,  with  an  ordinary  lift  of  about  30  feet. 

Screen  Chamber.  The  6-inch  discharge  ijipe  from  the  pump 
led  to  a  screen  chamber  located  alongside  the  large  rectangular 
tanks.  This  chamber  was  built  of  1.75-inch  yellow  pine  lumber 
4.83  feet  long  by  2.5  feet  wide  by  3  feet  deep,  with  two  movable 
vertical  screens  near  the  outlet  end.  Several  types  of  screens 
were  tried  with  a  view  to  seeing  what  size  of  mesh  was  most 
suitable  both  for  the  first  and  second  screen.  The  first  screens 
had  a  clear  mesh  of  0.375  inch,  but  these  square  mesh  screens 
caused  considerable  trouble  both  as  to  durability  and  readiness 
of  cleaning.  Screens  of  0.25  vertical  wire  rods  set  on  half-inch 
centers  were  next  used,  but  were  found  to  be  too  coarse.  The 
clear  opening  of  the  second  screen  was  then  reduced  to  0.125- 
inch.  This  screen  also  gave  trouble  as  to  cleaYiing.  Finally  a 
screen  was  adopted  of  diamond  mesh  wire  cloth  woven  with  No. 
12  wire.  The  first  screen  had  a  clear  opening  of  0.5-inch  and 
the   second   of   0.375-inch,     The   main   pipe   from  the   screen 
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chamber  led  to  the  east  end  of  each  of  the  first  two  rectangular 
tanks,  which  were  used  in  various  combinations  as  grit  chambers. 

Waste  Weir.  In  the  East  Gallery  orifice  box  there  was 
placed  a  waste  weir  connected  to  the  sewer  and  through  which 
there  was  usually  a  slight  surplus  of  sewage  passing.  This  weir 
was  so  set  as  to  maintain  in  the  orifice  boxes  a  head  of  1  foot 
over  the  orifice  which  was  the  basis  for  measuring  the  flow  of 
sewage  through  the  several  devices  used  for  preparatory  treat- 
ments. 

RECTANGULAR  TANKS. 

The  seven  uncovered  rectangular  tanks  used  for  the  various 
preparatory  treatments  involving  sedimentation  were  built  of 
wood  as  shown  on  Plates  II.  and  III.,  and  the  essential  details  are 
briefly  summarized  as  follows: 

Dimensions,  Each  of  these  tanks  was  rectangular  in  plan, 
40  feet  long,  8  feet  wide,  8  feet  deep  at  one  end  and  9  feet  deep 
at  the  other.  Ordinarily  these  tanks  were  operated  with  the 
sewage  about  12  inches  from  the  top,  giving  a  capacity  of  17,600 
gallons  without  any  allowance  being  made  for  sludge  on  the 
bottom. 

Construction,  The  tanks  were  built  of  yellow  pine  lumber 
and  were  lined  with  2-inch  tongued  and  grooved  plank.  Dif- 
ficulty was  encountered  in  making  them  tight  by  caulking,  and 
they  were  lined  with  No.  26  galvanized  sheet  iron  having  soldered 
joints.  As  shown  on  the  plans,  the  tanks  were  backed  up  with 
earth. 

Baffles,  The  only  baffles  in  these  tanks  were  at  the  inlet 
end,  where  the  inlet  pipe  led  laterally  into  a  box  4  feet  square 
and  5  feet  above  the  bottom  of  the  tank  and  against  the  side. 
This  lessened  disturbances  of  the  sludge  near  the  inlet  and  made 
the  flow  more  uniform. 

Slope  of  the  Floors,  The  floors  had  a  slope  of  1  foot  in  40 
toward  the  outlet  end,  where  the  drains  were  located. 

Drains,  The  drains  or  sludge  pipes  were  two  in  number 
in  each  tank  located  respectively  at  the  bottom  and  two  feet 
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above  the  bottom  of  the  tanks.    These  6-inch  drains  joined  jiist 
outside  the  tanks  and  led  to  the  sewer. 

Piping,  The  6-inch  inlet  pipe  to  each  grit  chamber  entered 
2.75  feet  below  the  flow  line.  The  6-inch  outlet  pipes  were 
placed  1.75  feet  below  the  flow  line  and  the  line  continued  along- 
the  west  end  of  the  other  tanks.  To  each  of  these  a  4-inch 
branch  pipe  extended  to  serve  as  an  inlet.  In  each  case  it  en- 
tered 4  feet  below  the  flow  line  and  discharged  horizontally 
across  the  tank  through  an  ell.  The  5-inch  outlet  piping  was 
located  4  feet  below  the  flow  line  in  the  septic  tanks  and  1  foot 
below  in  the  other  tanks.  Gate  valves  were  placed  where  re- 
quired on  all  of  this  wrought  iron  piping,  which  had  a  slope  of 
about  1  in  50. 

Orifice  Boxes.  The  rate  of  flow  through  these  tanks  was. 
controlled  by  passing  each  effluent  through  ap  orifice  box.  There 
were  14  of  these  boxes  conveniently  located,  not  only  for  measur- 
ing the  effluent  of  the  preparatory  devices,  but  also  the  influent 
to  the  filters.  They  consisted  of  rectangular  wooden  tanks  about 
30  inches  deep  and  divided  into  two  or  more  compartments  by  a 
partition  in  which  was  a  rectangular  brass  orifice.  These  orifices, 
in  different  boxes  were  0.5,  1.0  or  1.5  inches  high,  with  the  center 
six  inches  above  the  bottom.  The  width  was  adjustable  up  to  a 
maximum  of  4  inches.  The  inlet  and  outlet  were  in  the  bottom 
of  the  box  on  opposite  sides  of  the  orifices.  After  adjusting  the 
width  of  the  orifices  to  give  the  proper  flow  with  a  head  of  1  foot 
this  head  was  maintained  by  frequent  inspections  and  by  adjust* 
ing  the  gate  valve  on  the  inlet  pipe  when  necessary. 

CHEMICAL  PRECIPITATION  DEVICES. 

For  chemically  precipitating  the  sewage,  with  solutions  of 
sulphate  of  alumina  and  of  copperas  and  lime,  there  were  located 
in  the  East  Gallery  three  solution  tanks,  3  feet  in  diameter,  3  feet 
deep,  built  of  0.5-inch  cypress.  From  each  solution  tank  the- 
outlet  pipe  led  to  a  small  ball-cock  tank  in  which  a  constant 
level  was  maintained  by  a  float  and  ball-cock.  The  rate  of  flow 
of  the  chemical  solutions  into  the  sewage  entering  the  precipi- 
tation tanks  was  controlled  by  adjusting  the  valve  on  the  outlet 
of  the  ball-cock  tanks.    Solutions  of  sulphate  of  alumina  and  of 
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iron  entered  the  inlet  pipe  0.5  foot  distant  from  tiie  chemical 
precipitation  tanks.  The  milk  of  lime  was  applied  at  the  inlet 
end  of  the  tank  about  5  feet  below  the  surface.  Solutions  of 
sulphates  of  iron  and  alumina  ordinarily  had  a  strength  of  0.5 
per  cent.,  while  the  lime  was  1  per  cent.  These  devices  for 
chemical  solutions  contained  necessary  facilities  for  flushing  and 
cleaning,  the  details  of  which  are  unnecessary  here. 

CLOSED  SEPTIC  TANK. 

On  March  4,  1905,  a  closed  septic  tank  was  put  into  service 
with  a  view  to  studying  the  rate  of  gas  evolution  and  some  other 
special  features.  It  was  a  cylindrical  tank  6  feet  in  diameter 
and  14.5  feet  long,  built  of  0.25-inch  riveted  steel  plates.  It  was 
placed  horizontally  in  a  trench  5  feet  deep  just  north  of  the 
East  Gallery.  Crude  sewage  from  the  screen  chamber  without 
any  preliminary  clarification  in  the  grit  chamber  was  applied 
to  this  tank  through  a  2-inch  pipe  discharging  at  the  inner  center 
line  of  the  cylinder  at  one  end.  The  effluent  left  the  tank 
through  a  2-inch  pipe  correspondingly  placed  at  the  other  end. 
At  the  top  of  the  shell  a  0.5-inch  pipe  led  to  a  wet  gas  meter 
with  a  trapped  outlet. 

SEPTIC  TANK  D. 

Beginning  February  18,  1905,  some  special  studies  were 
made  in  a  septic  tank  which  was  adapted  by  putting  baffles  in 
the  tank  originally  used  as  a  coke  strainer  and  located  in  the 
southeast  corner  of  the  East  Gallery.  Baffles  in  this  tank,  12.9 
feet  in  diameter,  6  feet  deep  and  located  under  cover,  were  ar- 
ranged so  as  to  provide  a  total  length  of  travel  of  about  40  feet, 
as  in  the  rectangular  tanks.  These  vertical  baffles  formed  chords 
with  openings  at  alternate  ends. 

REMODELLED    GRIT    CHAMBER. 

Beginning  in  April,  1905,  a  smaller  grit  chamber  was  used. 
This  was  accomplished  by  building  a  new  wooden  tank  39.5  feet 
long  by  5  feet  wide  by  3  feet  deep,  and  supporting  it  on  wooden 
bents  placed  in  the  original  grit  chamber  located  at  the  southern 
end  of  the  row  of  rectangular  tanks.  The  bottom  of  this  tank 
"was  level  and  it  was  cleaned  by  draining  into  the  larger  tank 
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below.  A  bottom  baffle  1  foot  high  extended  across  this  tank  2 
feet  from  the  inlet  end  and  a  surface  baffle  3  feet  from  the  inlet 
end  extending  from  the  top  within  about  6  inches  of  the  bottom. 

COKE  STRAINERS. 

A  part  of  the  effluent  from  the  grit  chamber  was  given  a 
preparatory  treatment  in  two  coke  strainers  (A  and  B)  located 
respectively  in  the  southwest  side  of  the  East  Gallery  and  the 
southwest  corner  of  the  North  Gallery.  Each  of  these  cypress 
tanks  was  6  feet  in  depth.  Strainer  A  had  a  diameter  of  12.9 
feet  and  an  area  of  0.003  acre.  Strainer  B  was  7.48  feet  in 
diameter  and  had  an  area  of  0.001  acre.  Strainer  A  was  located 
under  cover,  but  Strainer  B  was  uncovered,  although  to  prevent 
lateral  freezing  it  was  banked  up  with  earth  around  the  sides 
where  it  did  not  adjoin  the  pipe  gallery.  The  bottom  of  these 
tanks  had  a  slope  toward  the  outlet  of  0.25  inch  per  foot. 

These  strainers  were  underdrained  with  layers  of  graded 
gravel  as  follows :  Six  inches  of  3-  to  1.75-inch ;  4  inches  of  1.75- 
to  0.625-inch ;  and  2  inches  of  0.625-  to  0.25-inch. 

Above  the  underdrains  in  each  instance  were  placed  22 
inches  of  Kanawha  coke,  the  particles  ranging  in  size  from  0.50 
to  0.125  inch.  This  material  was  screened  free  from  dirt  and  fine 
particles,  and  was  comparatively  hard  and  durable.  It  cost 
$1.35  per  cubic  yard.  These  strainers  were  provided  with  an 
inlet  pipe  discharging  about  4  inches  above  the  surface  of  the 
coke  layer,  and  an  outlet  pipe  situated  at  the  lower  side  of  the 
floor  of  the  tank  about  6  inches  from  the  periphery. 

Orifice  boxes  and  measuring  boxes  (as  described  beyond) 
were  provided  for  regulating  the  flow  through  these  devices. 
Loss  of  head  gages  were  also  provided. 

SAND  FILTERS. 

As  already  stated  twenty-one  sand  filters  were  tested,  fifteen 
of  them  with  sewage  which  had  been  partially  clarified  by  some 
form  of  sedimentation  or  straining,  and  the  remainder  with  the 
effluent  of  some  of  the  coarse-grained  filters,  either  contact  filters 
or  sprinkling  filters.  The  location  of  these  sand  filters  in  the 
North  and  South  Galleries  is  shown  on  the  plans. 

These  tanks  were  of  cypress,  all  being  7.48  feet  in  diameter, 
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equal  to  0.001  acre  of  filter  area.  The  bottom  sloped  0.25  inch 
per  foot  toward  the  outlet  pipe  in  the  bottom. 

There  were  no  gravel  underdrains  except  just  above  and 
around  the  mouth  pf  the  outlet  pipe. 

Sand  from  the  shores  of  Lake  Erie,  in  the  neighborhood  of 
Toledo,  Ohio,  and  costing  about  $1.15  per  cubic  yard,  was  used 
in  charging  these  filters  to  a  depth  of  3.0  feet.  Its  composition 
is  indicated  by  the  following  data : 

Composition  of  Lake  Erie  Sand. 


Effective  i  Average 0  24  m.  m. 

Size -I  Maximum 0.29  m.  m. 

(  Minimum    0.20  m.  m. 

Uniformity      (  Average 2.5 

Coefficient . . .  -!  Maximum 2.6 

t  Minimum 2.1 

Silica 91.1 

Per  Cent.  of.  -{  Lime  and  Magnesium  as  Carbonate 8.2 

Iron 0.7 

Six  samples  were  taken  from  each  filter  far  mechanical 
analysis,  average  results  of  which  are  as  follows : 
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Note:    Eacb  sand  eamplB  waa  made  np  of  72  portions. 

Like  the  eoke  strainers  and  the  other  filters  out  of  doors 
the  sand  filters  were  backed  up  with  earth  around  the  sides, 
except  for  a  portion  forming  the  side  of  the  pipe  gallery.  (Se« 
Plates  II.  and  IV.) 

The  infiuent  pipe  discharged  about  3  inches  above  the  sand 
surfaces,  and  to  prevent  disturbances  of  the  sand  the  flow  was 
spread  over  a  wooden  apron  about  4.5  square  feet  in  area,  which 
was  removed  after  each  dosing. 

The  effluent  pipe  was  never  trapped  nor  closed,  and  thus 
did  not  interfere  with  a  natural,  free  flow  through  the  sand 
layer. 

MEASUKING  BOXES. 

The  effluents  of  the  sand  filters  and  of  the  other  filters  in  the 
North  and  South  Galleries  discharged  into  the  measuring  boxes, 
of  which  there  were  30  in  all.    These  were  wooden  boxes  about 
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3  feet  long  by  1.5  feet  wide  and  1.67  feet  deep.  For  checking 
the  rate  of  filtration  and  in  collecting  average  samples  for 
analysis  they  were  of  much  service. 

SETTLING  TANK  FOR  FILTER  EFFLUENT. 

^  In  the  instance  of  the  sand  filters  in  the  South  Gallery 
receiving  the  effluent  of  sprinkling  filters,  efforts  were  made  to 
facilitate  high  rates  by  depositing  in  settling  tanks  the  coarser 
of  the  particles  coming  from  the  first  filter.  In  a  suggestive  way 
data  of  importance  were  obtained  by  the  use  of  a  circular  tank, 
the  leading  features  of  which  are  as  follows :  Working  depth,  3 
feet;  diameter,  5  feet;  capacity,  440  gallons;  normal  period  of 
sedimentation,  2  hours;  influent  from  Sprinkling  Filter  A  and 
effluent  applied  to  Sand  Filters  Nos.  16,  17  and  18. 

During  the  last  ten  weeks  of  the  tests  the  effluents  of 
Sprinkling  Filters  B,  C  and  D  were  settled  in  three  tanks,  each 
having  a  diameter  of  3  feet,  a  working  depth  of  1.5  feet,  a  capac- 
ity of  75  gallons  and  the  nominal  period  of  sedimentation  in 
them  ranging  from  0.75  to  1.0  hour. 

CONTACT  FILTERS. 

I 

Six  contact  filters,  operated  on  the  fiU-and-draw  plan,  were 
tested,  two  of  them  being  located  in  the  East  Gallery  and  the 
other  four  in  the  South  Gallery.  The  two  former  were  placed  in 
the  circular  cypress  tanks  of  the  larger  of  the  two  sizes  (0.003 
acre)  used  at  the  station,  and  were  operated  as  primary  filters, 
receiving  the  effluent  of  the  grit  chamber. 

Of  the  four  contact  filters  in  the  South  Gallery  (0.001  acre) 
Iwo  were  operated  as  secondary  filters,  receiving  the  effluent  of 
the  primary  filters  last  mentioned,  and  the  remaining  contact 
filters  receiving  the  effluent  of  a  coke  strainer  up  to  February  1, 
1905,  and  a  septic  effluent  after  that  date. 

'       Toward  the  close  of  these  tests  Sprinkling  Filter  A,  de- 
scribed beyond,  was  operated  as  a  contact  filter. 

All  of  the  contact  filters  contained  gravel  underdrains  com- 
prising 4  inches  of  material  from  3-  to  1.75-inch  and  two  inches 
of  material  ranging,  from  1.75-  to  0.625-inch. 

These  underdrains  did  not  .prove  to  be  wholly  satisfactory/ 
and  during  the  latter  half  of  April,  1905,  new  underdrains  were 
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put  in  place  comprising  6  inches  of  stone,  from 4  to  5  inches;  4 

inches  of  Istone,  2  to  3  inches,  and  then  2  inches  of  stone,  1  to  2 

inches  in  size.     The  original  material  was  placed  above  these 
underdrains. 

Five  feet  of  filtering  material  were  placed  above  the  under- 
drains as  follows: 

Filtering  Material  in  Contact  Filters. 


Contact  Fii^ter 

Kind  of  Materiai, 

Size  of  Matkriai, 

Primary  A 

Broken  Limestone 
Broken  Limestone 
Crushed  Coke 
Crushed  Coke 
Crushed  Coke 
Crushed  Coke 

1  0C-0.25  inch 

Primary  B 

2.00-0.25  inch 

Primary  C 

1.56-0.50  inch 

Primary  D 

1.50-0.50  inch 

Secondary  A 

1.25-0,25  inch 

Secondary  B 

1.60-0.50  inch 

The  broken  limestone  came  from  local  quarries.  It  was  hard 
and  durable,  but  as  received  contained  more  or  less  clay  with 
which  fissures  in  the  natural  rock  were  filled.  Much,  but  not 
all,  of  this  clay  was  removed  before  putting  in  the  filters.  This 
stone  cost  $1.20  per  cubic  yard  at  this  station. 

All  other  appurtenances  of  the. contact  filters  will  be  readily 
noted  from  the  plans  and  from  what  has  been  already  said  about 
filters  of  other  types. 


SPRINKLING  FILTERS. 

At  the  outset  four  sprinkling  filters  were,  provided  i  Filter 
A  in  the  East  Gallery  and  B,  C  and  D  in  the  North  Gallery. 
On  October  19,  1904,  a  circular  tank  located  at  the  north  end  of 
the  South  Gallery  was  started  as  Sprinkling  Filter  E.  On  Febru- 
ary 7,  1905,  one  of  the  extra  tanks  in  th6  'North*  Gallery  was 
similarly  equipped  and  started  as  Sprinkling  Filter  F.  Sprink- 
ling Filter  A  wai^  discontinued  oil  April  1,  1905. 

With  the  exception  of  those  in  Filter  F,  tli^  und^tdrains 
in  the  sprinkling  filters  were  similar  to  those  in  the  contact 
filters.  Filtei^  E  had  no  underdrains ;  Filter  F  Had  16  inclies  of 
field  stones  8  iilches  in  diameter,'  12  inches  of  field  stbiies  4  inches 
in  diameter  and  10  inches  of  field'  ^bhe^  3  inches  in  diathetferr ' " 
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All  of  the  sprinkling  filters  were  constructed  of  broken  lime^ 
stone.  The  size  of  the  partiples  and  other  data  relating  to  the 
construction  of  these  filters  will  be  noted  from  the  following :  ^ 


FlI^TKR 

Arba 

Depth 

SiZB  OF  MATBRIAI*. 

1      ,                           ,                  .       y 

A .. 

0.003      acre 
0.001      acre 
0.001      acre 
0.001      acre 
0.00165  acre 
0.001      acre 

5  feet 
S  feet 
5  feet 
5  feet 
S  feet 
1.8  feet 

2.0  -0.5  inch 

B 

1.75-0.5  inch 

C 

D...   

2.0  -0.5  inch 
2.0  -0.5  inch 

E 

2.0  -0.5  inch 

F..... 

2.0  -0.5  inch 

The  characteristic  feature  of  sprinkling  filters  is  the  appli- 
cation of  the  sewage  to  the  surface  of  the  filter  either  as  trickling 
drops  at  certain  points  or  preferably  as  a  spray.  Experience 
on  methods  of  application,  especially  during  freezing  weather, 
formed  one  of  the  valuable  portions  of  these  investigations,  as 
will  appear  from  Chapter  VI. 

At  first  perforated  troughs  of  galvanized  iron  were  tried,. 
This  seemed  appropriate  for  Sprinkling  Filter  A,  where  only 
0.33  foot  of  head  was  available.  Forty-four  points  of  distribu- 
tion were  made  in  the  main  distributor  and  laterals,  making  on 
an  average  one  point  of  application  for  each  3  square  feet  of 
filter  surface.  The  distribution  through  the  notches  in  the  lips 
of  the  troughs  was  uneven  and  stopped  from  time  to  time,  due 
largely  to  settling  of  the  distributor.  The  distributor  was  aban- 
doned September  9,  1904. 

A  grid  was  then  tried,  consisting  of  a  2-inch  main  carrier 
and  six  1-inch  lateral  pipes,  on  which  were  located  forty-four 
0.25-inch  pet -cocks.  These  pet -cocks  became  clogged  several 
times  each  day,  and  at  best  caused  the  sewage  to  be  insufficiently 
distributed.  Perforated  cones  were  tried  under  some  of  the  pet» 
cocks^  but  this  did  not  prove  satisfactory  in  the  case  of  Filter 
A,  which  as  a  sprinkling  filter  was  abandoned  on  April  1,  1905, 
on  account  of  there  being  insufficient  head  for  satisfactory  distri- 
bution. 

After  November  5,  1904,  all  of  the  filters  exieept  A  had  the 
sewage  distributed  from  a  stationary  nozzle,  the  head  on  which 
was  about  4  feet.    This  worked  well. 
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Plate  VII.  shows  the  construction  of  the  station  sprinkler. 
It  consisted  of  a  hollow  60  deg.  cone,  2  inches  in  outside  diameter 
at  the  base,  over  which  was  placed  an  adjustable  60  deg.  hollow 
cone,  2  inches  in  diameter  on  the  inside.  The  latter  cone  was 
truncated  1.2  inches  from  the  base.  Eight  0.125-inch  brass  pipes 
discharged  through  the  shell  of  t^e  inner  eone  into  the  adjustable 
space  between  the  two  cones,  and  the  whole  flow  mounted  the 
inner  surface  of  the  outer  cone  and  sprayed  from  the  truncated 
top.  The  ^  0.125-inch  brass  pipes  pierced  the  shell  of  the  inner 
cone  at  an  angle  of  45  deg.  with  the  vertical,  and  discharged  as 
nearly  as  possible  in  a  tangent  to  the  surface  of  the  cone. 

ELEVATIONS. 

The  relative  elevations  of  some  of  the  principal  points  in 
the  plant  referred  to  city  datum,  a  plane  100  feet  below  a  bench 
on  the  northeast  comer  of  the  water  table  of  the  State  Capitol, 
are  as  follows: 

Elevations. 

Invert  of  intercepting:  sewer  at  pump  chamber 10.49 

Bottom  of  pump  suction 12.00 

Normal  flow  line  in  intercepting*  sewer 13.40 

Normal  flow  line  in  screen  chamber 39.90 

Normal  flaw  line  in  grit  chamber 39 .50 

Normal  flow  line  in  septic  tank  B 39.10 

Center  of  orifice  in  orifice  boxes  . ., (North  Gallery)  37.50 

Surface  of  sprinkling  filters **  **  34.50 

Surface  of  intermittent  sand  filters **  **  32.00 

Surface  of  coke  strainer **  **  31.83 

Bottom  of  coke  strainer  and  all  filters **  **  29.00 

Invert  of  main  drain,  south  end  of  gallery "  "  25.50 

Waste  weir  and  orifice  box (East  Gallery)  38.83 

Center  of  orifice  in  orifice  box **  **  37.83 

Surface  of  sprinkling  and  contact  filters **  **  37.00 

Flow  line  in  septic  tank "  *•  37.00 

Surface  of  coke  strainer ,..      **  "  34.33 

Bottom  of  coke  strainer,  septic  tank  and  all  filters      '*  *'  31 .50 

Center  of  orifice  in  orifice  boxes (South  Gallery)  30.33 

Surface  of  contact  filters **  **  29.50 

Surface  of  intermittent  sand  filters '....'"  '  **  27.00 

Bottton  of  contact  and  intermittent  sand  filters      '*  '*  24.00 

Invert  of  main  drain,  south  end  of  gallery  ; . . . .       *'  .         '*  20.30 
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Preparatory  Treatment  of  Columbus  Sewage. 


During  these  tests  particular  attention  was  paid  to  a  study 
of  the  relative  local  applicability  of  the  several  principal  pro- 
cesses for  the  preparatory  treatment  of  sewage.  It  is  well  under- 
stood that  the  main  object  of  all  preparatory  treatments  is  to 
effect  the  removal  from  the  raw  sewage  of  a  substantial  propor- 
tion of  the  sludge  contained  therein  before  it  is  applied  to  finish- 
ing devices  comprising  filters  of  either  fine  or  coarse-grain 
material.  In  this  way  it  is  considered  possible  to  obtain  a  satis- 
lactory  purification  in  the  filters  at  a  reduced  cost  owing  to 
higher  rates  of  filtration  and  to  the  lessened  necessity  for  clean- 
ing the  filtering  material. 

In  view  of  the  fact  that  a  preparatory  treatment  of  the  local 
sewage  was  recommended  by  several  of  the  experts  who 
had  previously  considered  this  problem,  ajid  for  the  reason  that 
the  available  data  bearing  upon  preparatory  treatment  of  such 
sewage  were  very  few  and  indecisive,  it  was  decided  to  maie  this 
question  of  leading  importance  in  the  tests.  In  these  studies 
consideration  was  given  to  the  following  methods,  which  will  be 
discussed  in  order  in  this  chapter : 

Section  1,  Plain  Sedimentation  at  High  Velocities. 

Section  2.  Plain  Sedimentation  at  Low  Velocities. 

Section  3.  Special  Sedimentation  Studies, 

Section  4.  Septic  Treatment. 

Section  5.  Chemical  Precipitation. 

Section  6,  Coke  Strainers. 

PLAN  OF  OPERATION  OF  PREPARATORY  DEVICES. 

Crude  sewage  after  screening  was  first  passed  throuugh  the 
grit  chamber  (Plain  Sedimentation  at  High  Velocities),  and 
then  was  applied  to  the  remaining  devices  above  outlined  for  the 
preparatory  treatment  of  sewage,  except  Septic  Tank  E,  which 
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received  sewage  direct  from  the  screen  cHamber.  All  of  these 
devices,  with  the  exception  of  the  strainers,  were  contijiuously 
operated  24  hours  on  each  day  of  the  week.  The  strainers  were 
operated  on  an  intermittent  basis,  as  will  be  later  described.  The 
plan  of  operating  each  of  these  device^  was  as  follows: 

Otit  Chambers,  The  rate  of  flow  through  the  grit  chamber 
was  regulated  by  adjusting  the  valves  at  the  inlets  of  the  North 
and  East  Gallery  orifice  boxes,  so  as  t^  maintain  a,  depth  of 
sewage  of  1  foot  over  the  center^  of  all  orifices.  At  such,  times 
the  water  level  in  the  grit  chamber  was  at  elevation  39.5,  or  6 
inches  below  the  top  of  the  tank.  At  this  point  the  sewage  staod 
just  at  the  crest  of  the  waste  weir  in  the  East  Gallery.  Ha^f- 
hourly  inspections  were  made  at  the  waste  weir  throughout  the 
tests,  and  the  speed  of  the  pump  varied  accordingly  to  maintain 
the  desired  head  on  the  orifices,  and  to  avoid  pumping  more  than 
a  slight  surplus.    The  flow  through  the  tank  was  continuous  at 

all  times,  and  the  tanks  were  emptied  only  to  remove  sludge. 

> 

Plain  Sedimentation f  Septic  and  Chemical  Precipitation 
Tanks,  The  efiBuent  of  the  grit  chamber  was  supplied  to  each  of 
these  tanks  through  a  pipe  discharging  at  the  west  end  of  the 
tank,  4  feet  below  the  surface  of  the  sewage  and  4  feet  above  the 
bottom  of  the  tank.  The  inlet  pipe  turned  just  inside  the  tank, 
and  discharged  laterally  at  a  point  2  feet  distant  from  the  side. 
The  outlet  was  located  at  the  opposite  end.  from  the  inlet,  and 
was  situated  6  inches  below  the  normal  surface  of  the  sewage  in 
the  plain  sedimentation  and  chemical  precipitation  tanks  and  at 
mid-depth  in  the  case  of  the  septic  tanks.  The  flow  through  all  of 
the  tanks  was  continuous.  The  rate  of  flow  was  regulated  by  an 
orifice  on  the  outlet  of  each  tank. 

CoUe  Strainers,  According  to  the  original  plan  of  operation 
the  strainers  were  continuously  operated  for  7  days,  followed  by 
a  rest  on  the  eighth  day..  Aftqr  October  1, 1904,  the  strainers,  were 
alterjiately  operated  and  rested  every  12  hours,  except  when,  in 
the  case  of  the  uncovered^  strainer,  B?  cold  weather  necessitated 
continuous  operation.  When  in  operation  the  .surface  of  the 
filtering  medium  was  submerged  to  a  depth  pf  about  .2.  to.  12 
inches,  depcAding  upon  clogging.  The  rate  qf  application^ of 
sewage  to  the  strainers  was  controlled,  at.  the  standard  orifi^ce 
boxes  on  the  inlet  pipes. 
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Collection  of  Samples, 

Grit  Chamber, '  Samples  of  the  influent  and  effluent  for 
chemical  analysis  were  collected  at  hourly  intervals  in  4-ounce 
bottles,  which  were  then  tightly  stoppered,  and  immediately 
placed  on  ice.  The  twenty-four  portions  were  mixed  together  to 
Inake  up  the  chemical  sample  for  the  day.  The  samples  for 
chemical  analysis  taken  of  the  influent  and  effluent  of  the  grit 
chamber  represent  in  -each  instance  a  total  of  4,152  individual 
hourly  portions.  Tables  given  in  the  appendices  show  that  no 
cotisiderable  change  in  the  chemical  composition  of  th6  samples 
took  place  during  storage  for  24  hours  in  this  manner.  Bacterial 
samples  were  collected  from  the  influent  and  effluent  at  7 :00  A. 
M.  each  day  and  were  immediately  analyzed  to  guard  against  the 
possibility  Of  growths  in  the  bottles  during  storage.  Such 
bacterial  data  werie  found  to  be  fairly  representative. 

Plain  Sedimentation,  Septic,  Chemical  Precipitation  Tanks 
and  Coke  Strainers,  Samples  of  the  influents  of  these  devices 
were  taken  at  the  discharge  of  the  grit  chamber  in  the  East 
Gallery  at  hourly  intervals  from  1 :00  A.  M.  to  12 :00  P.  M.,  and 
those  of  the  effluent  were  taken  at  the  respective  orifice  boxes 
controlling  the  discharge  of  these  tanks.  The  hours  of  collection 
of  the  effluent  samples  followed  those  of  the  influent  by  a  period 
corresponding  to  the  computed  average  flow  in  the  tanks.  Up  to 
April  1,  1905,  samples  of  the  influent  and  effluent  of  the  settling 
and  septic  tanks  were  taken  every  other  day,  moving  ahead  one 
day  in  each  eight-day  cycle.  After  April  1,  regular  chemical 
samples  were  collected  on  but  one  day  in  every  eight.  During 
the  tests  the  samples  of  the  influents  and  effluents  of  the  several 
processes  above  referred  to  were  made  up  in  each  case  of  the 
following  number  of  individual  hourly  portions :  Plain  Settling 
Tank  A,  2,784;  Plain  Settling  Tank  B,  1,320;  Septic  Tank  A, 
2,304 ;  Septic  Tank  B,  2,304 ;  Septic  Tank  C,  1,992 ;  Septic  Tank 
p,  672;  Septic  Tank  E,  528;  Chemical  Precipitation  Tank  A, 
528;  Chemical  Precipitation  Tank  B,  576;  Coke  Strainer  A, 
1,224 ;  Coke  Strainer  B,  2,136.  After  May  1, 1905,  in  addition  to 
the  regular  samples,  continuous  sets  of  hourly  samples  were 
taken  from  each  settling  tank.  These  samples  were  .mixed  at 
weekly  periods.     The  individual  portions  were  preserved  with 
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chloroform  during  the  interim.  These  samples  were  analyzed 
o^ly  for  sUj^peiided  matter,  the  desire  being  especially  to  obtain 
decisive  iafor^^atipn  during  the  spring  and  early. summer,  when 
the  ^bullit^qn  of  gas,  in  the,  septic  tanks  was  most  pronounced 
as  to  how. much  sludge  escaped  in  the  eflSuent  due  to  this  cause. 
From  May  1  to  June  30,  1.905^  inclusive,  the  samples-  analyzed 
of  jsuspended  matter  alone. were  made  up  in  each  case  from  a 
total,  of  1,512  individual  hourly  portions  of  cr^ude  sewage  and  of 
the  effluents  of  the  Grit  Chamber,  Plain  Settliiig  A  and  Septic 
Tanks  A,  B  and  C,  respectively.  During  this  three-mqnth  period, 
therefore,  the  total  number  of  portions  of  influents  and  effluents, 
respectively,  collected  from  the  above  six  sources  amounted 
to  9,072. 

Bacterial  samples  were  taken  in  duplicate  at  7 :00  A.  M.  and 
3:00  P.  M.,  respectively,  from  the  influent  and  effluent  of  the 
tanks  at  the  regular  sampling  points.  In  the  case  of  Septic  Tank 
E,  where  the  influent  was  crude  sewage  instead  of  the  grit 
chamber  effluent,  as  in  the  case  of  all  other  septic  tanks,  the 
regular  crude  sewage  sample  was  used  as  the  influent. 

Bemoval  of  Sludge, 

In  the  case  of  the  grit  chambers,  plain  settling  and  chemical 
precipitation  tanks,  a  tank  was  put  out  of  service  and  drained 
immediately  upon  the  first  pronounced  sign  of  marked  gas  evolu- 
tion  therein.  The  sewage  was  drawn  from  the  tank  through  a 
pipe  located  2  feet  above  the  floor,  after  which  the 
last  portions  of  the  liquid  standing  over  the  sludge  layer  was 
carefully  drawn  off  through  the  outlet  in  thie  bottom  of  the  tank. 
By  careful  observation  it  was  determined  that  the  loss  of  sludge 
during  the  latter  part  of  the  draining  process  was  merely  local, 
and  that  no  general  movement  of  the  sludge  toward  the  outlet 
took  place ;  but  rather  the  supernatant  liquid  broke  through  the 
sludge  layer  directly  above  the  outlet. 

Careful  measurements  of  the  depth  and  volume  of  the  sludge 
were  made,  and  average  samples  of  the  deposit  were  taken  for 
analysis,  in  eleven  lateral  sections.  In  figuring  the  general  aver- 
age  depth  allowance  was  made  for  the  small  loss  of  sludge  near 
the  outlet  by  not  considering  the  local  depression  at  and  about 
the  drain.     After  measuring  and  collecting  a  sample  of  the 
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sludge  deposit  the  tank  was  flushed  and  thoroughly  cleaned  with 
city  water  from  a '2-inch  hose. 

In  the  case  of  the  coke  strainers  the  sludge  was  removed 
from  the  surface  when  the  loss  of  head  at  the  ordinary  rate  of 
filtration  was  equal  to  3  feet.  At  such  times  the  volume  of 
clogged  material  removed  was  carefully  measured,  and  represen- 
tative samples  collected  for  analysis. 

The  septic  tanks  were  not  drained  after  September  2,  1904, 
until  June  30,  1905.  On  the  latter  day  the  same  procedure  was 
followed  as  noted  in  the  case  of  tiie  plain  settling  tanks.  The 
depth  of  the  sludge  layer  in  each  tank  was  measured  at  monthly 
intervals,  however,  and  average  samples  of  the  same  collected 
for  analysis.  In  the  septic  tanks  whatever  scum  there  was  ap- 
peared in  the  records  of  sludge  deposit. 

Manner  of  Sludge  Measurement  and  Sampling. 

In  measuring  the  sludge  deposit  in  a  tank  from  which  the 
sewage  had  been  drained  the  depth  of  the  layer  was  measured  in 
eleven  lateral  sections,  as  already  stated.  At  each  point  where  a 
measurement  was  made  a  representative  sample  was  collected. 
The  results  of  these  measurements  were  averaged,  and  the  eleven 
representative  portions  collected  were  mixed  for  analysis. 

The  apparatus  used  in  measuring  the  deposit  in  a  septic 
tank  while  in  operation  consisted  of  a  glass  tube  2.5  feet  long  and 
0.5  inch  in  diameter,  open  at  both  ends  and  fastened  parallel  to 
the  side  of  a  wooden  rod  12  feet  long.  Through  the  glass  tube  a 
fine  wire  was  drawn,  at  the  lower  end  of  which  was  fastened  a 
flexible  rubber  stopper,  the  smaller  end  uppermost.  The  wire 
extended  up  through  the  glass  tube  to  the  top  of  the  wooden 
pole  being  guided  here  and  there  by  screw-eyes. 

In  making  a  measurement  the  rod  was  lowered. into  the 
liquid  in  the  tank,  and  slowly  inserted  into  the  deposit  on  the 
bottom.  After  a  sufiicient  time  had  been  allowed  for  displacie- 
ment  in  the  tubethe  wire  waB  pulled,  drawing  the  rubber  stopper 
into  the  lower  end  of  the  glass  tube.  The  rod  was  drawn  up,  and 
the  depth  of  the  sludge- in  the  tube  measured. 

In  collecting  samples  of  the  sludge  deposit  in  septic  tanks 
a  heavy  cast  iron  bucket  was  lowered  into  the  sludge  layer.  The 
layer  was  not  so  closely  compiacted  as  to  make  this  operation 
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difficult,  and  the  bucket  was  so  heavy  that  it  always  struck  the 
bottom.  It  was  dragged  along  the  bottom  for  a  short  distance 
and  then  drawn  up  and  the  contents  dumped  into  a  paii.  The 
measurements  were  made  and  portions  of  the  layer  collected 
in  eleven  representative  cross-sections.  The  eleven  portions  were 
carefully  mixed,  allowed- to  stand  in  the  ice  chest  for  24  hours, 
the  supernatant  liquid  drawn  off  and  the  sample  analyzed. 

As  to  the  accuracy  of  these  sludge  measurements  and  the 
method  of  sampling,  the  next  table  contains  representative  data 
which  show  that  on  the  average  the  results  obtained  in  a  full 
tank  gave  about  10  per  cent,  lower  results  than  in  the  case  of 
tanks  from  which  the  liquid  had  been  drained. 


. '                                        1 

Constituents 

Tank  Fui.i* 

Tank 
Drained 

Total  yards  wet  sludg^e 

5.02 
15.60. 
5.40 
.  1.068 
0.901 
4.53 
0.71 
0.24 
.3.67 
0.57 
0.20 
210.00 

5.65 

Per  cent,  solid  matter 

16.20 

Per  cent,  orcranic  matter 

5.80 

Specific  gravity '. ,...,.. 

Weight  1  cubic  yard  wet  sludge  (tons). . . 

Total  tons  wet  sludg-e . . 

Total  tons  dry  sludge 

1.068 
0.901 
5.09 
0.83 

Total  tons  organic  matter. ."..... 

0.29 

Tons  wet  sludge  per  million  gallons... 
Tons  dry  solids  per  million  gallons   . . . 
Tons  organic  matter  per  million  gallons 
Bacteria  per  gram  wet  sludge  (millions).. 

4.13 

0.67 

•     0.24 

390.00 

Note:     Deposit  in  Plain  Settling-  Tank  A.    Period  April  3,  1905,  7:30  p.  m.  to- 
April  28,  1905,  1  p.  m.     Total  gallons  Sewage  Ideated,  1,235  ^. 


Section  1. 


plain  sedimentation  at  high  velocities 

(grit  chambers). 

The  experiments  on  the  efficiency  of  plain  sedimentation  at 
high  velocities  as  a  preparatory  sewage  treatment  were  conducted 
in  two  rectangular  tanks.  The  tank  in  use  from  August  16,  1904^ 
to  February  18,  1905,  was  40  feet  long  by  8  feet  wide  by  7.5  feet 
deep,  and  had  an  effective  capacity  of  about  17,000  gal- 
lons. The  relation  of  length  to  depth  in  this  tank  was  about  5.3 
to  1.  From  February  18  to  June  30,  1905,  the  experiments  were 
continued  in  a  rectangular  tank  39.5  feet  long  by  5  feet  wide  by 
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2.5  feet  deiep,  which  had  an  effective  capacity  of  about 
3,700  gallons.  The  iSelation  of  length  to  depth  in  this  tank  was 
about  15.8  to  h  These  tanks  will  be  referreid  to  as  Grit  Cham- 
bers, original  and  remodelled,  respectively. 

In  the  original  grit  chamber  the  average  velocity  of  flow 
was  2.61  m.  m.  per  second  (31.1  feet  per  hour),  and  the  period 
of  flow  1.3  hours.  In  the  remodelled  chamber  the  average  veloc- 
ity of  flow  was  11.39  m.  m.  per  second  (136.7  feet  per  hour), 
and  the  period  of  flow  0.29  hour.  In  the  foregoing  statement  as 
to  velocities  and  capacities  no  allowance  is  made  for  sludge. 

RESULTS  ACCOMPLISHED  BY  THE  GRIT  CHAMBERS. 

In  the  appendices  will  be  found  all  detailed  analytical  data 
referring  to  the  operation  of  the  grit  chambers.  Certain  sum- 
maries are  for  convenience  i>resented  below  to  facilitate  discus- 
sion of  the  salient  features  relating  to  this  form  of  preparatory 
sewage  treatment. 

Besults  of  Analyses. 

In  the  following  table  are  given  the  average  monthly  results 
of  analyses  of  samples  of  the  influent  (screened  crude  sewage) 
and  eflfluent  of  the  grit  chambers : 
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Percentages  of  Removal  of  the  Several 
Constituents  of  the  Crude  Sewage, 

In  the  next  table  there  is  shown  the  degree  of  purification 
eflPected  by  the  grit  chamber  expressed  as  percentages  of  removal 
of  certain  of  the  constituents  of  the  applied  sewage. 


TOTAL 
NUM* 
OF  POR- 
TIONS 
MAK- 
ING  UP 
THE 
AVER- 
AGE 
SAM- 
PLES 

TOTAL 
NUM- 
BER  OF 
AVER- 
AGE 
SAM- 
PLES 

• 

PERCENTAGE    REMOVAI, 

Month 
1904-S 

Oxy- 
gen 
Con- 
sumed 

Nitrogen 

Suspended  Residue 
ON  Evaporation 

Bac 

Or- 
Sraaic 

Free 
Am- 
monia 

Total 

Vola- 
tile 

Min- 
eral 

TBRIA 

August 

September.. 
Octobe .... 
November. . 
December , . 
January  . . . 
February  . . 

March 

April  .....'. 

May 

June   ...... 

384 
600 

456 

384 
408 
384 
336 
384 
264 
288 
264 

16 
25 
19 
16 
17 
16 
14 
16 
.11 
12 
11 

11 
20 
18 
19 
22 

2- 

2 

6 
11 
11 

8 

16 

15 

17 

30 

23 

11 

6 

4 

12 

6 

21 

3 

-3 

0 

7 

13 

-  -4 

0. 
-1 
-2 

1 
-3 

43 
24 
41 
41 
31 
28 
23 
18 
24 
27 
23 

32 
21 
42 
35 
30 
18 
16 
16 
16 
31 
16 

46 

8 
40 
47 
32 
33  ' 
29 
20 
27 
26 
25 

21 
12 
12 

41 
41 
~   36 
51 
67 
62 
42 
31 

Average  (a) 

2832 

118 

15 

19 

3 

34 

29 

33 

36 

Average  (b) 

1320 

55 

6 

10 

-1 

22 

19 

24 

48 

(a)  Period  Augrust  16,  1904— February  17,  1905    (Origrtnal  chamber; 

(b)  Period  February  18,  1905— June  30,  1905    (Remodelled  chamber) 

GENERAL  COMMENTS  ON  THE  EFFICIENCY  OF 
THE  GRIT   CHAMBERS. 

Uniformity  of  Flow,  In  the  desire  to  keep  the  sludge 
deposit  away  from  the  outlet  of  the  grit  chamber,  and  to  prevent 
unequal  flow  through  the  tank,  adequate  baffles,  were  placed  in 
the  grit  chambers  at  the  inlet  ends,  and  no  eddies  or  other 
unusual  disturbances  were  noted  in  these  tanks  during  the  flow 
of  the  sewage  through  them. . 

Reason  for  Remodelling, '  The  principal  reason  why  the 
original  grit  chamber  was  remodelled  on  February  17,  1905,  was 
that  the  composition  o|  the  sludge  deposit  in  the  former  chamber 
showed,  littte  differmce  from  that  normally  deposited  at  low 
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velocities  in  the  settling  tanks.  The  deposit  was  sufficiently 
organic  in  nature  to  make  advisable  an  attempt  to  encourage  the 
deposition  of  more  mineral  matters  and  to  reduce  the  deposition 
of  organic  particles,  comparatively  speaking.  To  this  end  the 
grit  chamber  was  remodelled  so  as  materially  to  increase  the 
velocity  of  flow  therein.  The  result  was  a  diminution  in  the 
subsiding  efficiency,  but  no  material  change  in  the  relative  re- 
moval of  volatile  and  mineral  suspended  matter,  as  shown  in  the 
following  table  Of  average  results: 

•  •  •  • 

Bemoval  of  Suspended  Matters  in  Grit  Chamber. 


» 

Total  Number  of 

Portions  Comprising 

Average  Samples 

Number  op  Average 
Samples 

Average 
Velocity 

SUSPENDED    RESIDUE    ON 
EVAPO^IATION 

Period 

AND 

Period 

OF 

Flow 

Pa«ts  per  Million 

Per  Cevt. 

1904-5 

Total        Volatile 

Rkmovep 

m.  m 
per 

Sec. 

CO 

u 
a 

& 

Inf. 

E£f. 

Inf. 

Eff. 

To- 
tal 

Vol- 
atile 

August  16 

to  February  17 

2,832 

118 

2.61 

1.30 

196 

132 

87 

61 

33 

30 

February  18 

to  June  30 

1,320 

55 

11.39 

0.29 

242 

189 

74 

61 

22 

18 

Character  of  the  Suspended  Matter  in  the  Effluent,  Dur- 
ing the  late  night  the  crude  sewage  normally  contained 
about  one-quarter  as  much  suspended  matter  as  did  the 
strong  sewage  of  the  day,  and  further,  this  matter  was  very  finely 
divided  and  probably  did  not  subside  in  the  grit  chamber.  Dur- 
ing  the  night,  therefore,  the  sewage  passed  through  these  cham- 
bers practically  unchanged.  During  the  day  and  the  early  night 
the  reverse  obtained  of  course,  as  much  of  the  suspended  matter 
was  composed  of  coarse  particles  which  settled  out  readily.  On 
an  average  the  effluent  of  the  grit  chambers  contained  about  150 
parts  per  million  of  suspended  matter.  ^ 

Experiments  which  are  described  in  Section  3  of  this 
chapter  .  showed  that  under  normal  conditions  of  operation 
in  a  settling  basin  wheretu  the  maximum  economical  period  of 
subsidejice  was.  approached,  the- effluent  under  these  conditions 
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contained  about  60  to  70  parts  per  million  of  suspended  matter, 
which  is  referred  to  as  colloidal  matter.  Therefoi-e  the  effluelit 
of  the  grit  chamber  contained  fully  80  parts  of  suspended  ihat- 
ter  removable  by  economical  subsidence.  Upon  eliminating  all 
such  suspended  matters  contained  in  the  crude  sewage  the  29 
per  cent,  removal  eflPected  in  the  grit  chamber  is  increased  to 
a  total  removal  of  about  67  per  cent. 

Regarding  the  Bemoval  of  Dissolved  Matter.  The  results 
of  analysis  of  the  above  173  average  samples  composed  of  4,152 
hourly  portions  showed  that  no  appreciable  removal  of  dissolved 
matters  took  place  in  the  grit  chambers. 

Change  in  the  Free  Ammonia.  Practically  speaking,  no 
change  in  the  free  ammonia  content  of  the  crude  sewage  took 
place  during  its  passage  through  the  grit  chambers,  as  will  be 
seen  by  referring  to  the  above  tables  of  results. 

Bemoval  of  Fats.  The  average  results  of  analysis  of  720 
samples  collected  at  hourly  intervals  during  the  month  of  June 
showed  that  the  amounts  of  ether-soluble  matter  contained  in 
the  crude  sewage  and  in  the  effluent  of  the  grit  chamber  were  22 
and  18  parts  per  million,  respectively,  ttus  showing  a  removal  of 
fats  of  18  per  cent. 

Bemoval  of  Bacteria.  The  average  results  of  duplicate 
analyses  of  156  samples  of  the  influent  and  effluent  of  the  grit 
chamber,  respectively,  show  that  the  average  number  of  bacteria 
in  the  effluent  was  equal  to  4,200,000,  and  in  the  effluent 
2,800,000,  corresponding  to  a  removal  of  33  per  cent.  In  a  rough 
way  it  is  seen  that  the  removal  of  bacteria  corresponded  to  that 
of  the  total  suspended  matter  as  is  generally  true  in  the  sedimen^ 
tation  of  muddy  river  waters. 

Frequency  of  Bemovals  of  Sludge  Deposit. 

After  October  2,  1904,  the  practice  was  followed  of  draining 
the  grit  chamber  and  removing  the  sludge  whenever  the  evolution 
of  gas  therein  was  prominently  noted.  The  reason  for  this: 
lay  in  the  fact  that  soon  after  the  evolution  of  gas  was  noted 
in  the  grit  chamber,  a  violent  upheaval  of  the  sludge  deposit. 
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followed.  Such  conditions  as  these  could  not  but  introduce 
materially  disturbing  factors  in  connection  with  the  normal  oper- 
ation of  these  basins.  ^ 

Except  in  a  very  general  way  the  composition  of  the  sludge, 
with  reference  to  the  proportion  of  putrescible  compounds  it 
contained,  had  no  direct  bearing  upon  the  length  of  the  periods 
between  necessary  cleanings  of  these  tanks.  The  controlling 
factor  appeared  to  be  the  temperature  of  the  applied  sewage,  as 
was  noted  by  the  fact  that  with  the  advent  of  cold  weather  the 
periods  between  cleanings  materially  increased  in  length.  The 
large  grit  chamber  (Original  Chamber),  in  which  an  average 
flow  of  1.3  hours  was  maintained  (2.6  m.  m.- per  second),  re- 
quired cleaning  on  an  average  every  8  days;  the  smaller  tank 
(Remodelled  Chamber),  in  which  a  period  of  flow  of  about  0.29 
hour  was  maintained  (11.39  m.  m.  per  second),  required  cleaning 
on  an  average  every  10  days. 

At  infrequent  intervals  the  necessity  for  cleaning  the  grit 
chamber  was  apparently  hastened  by  an  abnormal  amount  of 
suspended  matter  of  a  specific  character.  Such  cases  as  these 
were  noted  during  a  flow  of  an  industrial  sewage,  presumably 
tannery  waste,  and  was  almost  invariably  followed  by  a  violent 
upheaval  of  the  sludge  deposit  in  the  grit  chamber. 

In  a  general  way  the  effect  of  temperature  upon  the  length 
of  periods  between  obligatory  cleanings  of  the  grit  chamber  is 
shown  by  the  following  summary  of  average  results : 

Effect  of  Temperature  on  Length  of  Periods  Between 
Obligatory  Cleanings  of  Grit  Chambers, 


Period 

Temperature  Dec.  F. 

Average  Number  of 

Days  Between 
Obligatory  Ci^eanings 

1904-5 

Air 

Sewagie 

Oct.  2— Dec.  1 
Dec.  1— April  3 
April  3— June  30 

48 
32 
66 

64 
52 
63 

5.92 
15.36 

7.83 

t 
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A  detailed  record  of  each  period  between  cleanings,  is  as 
follows: 

Table  showing  the  Data  of  each  Period  between  Obligatory 

Cleanings  of  the  Grit  Chamber, 


en 

< 

o 

0 

PS 

TON'S  PER  MILLION  GALLONS 

<«9 
52 

0 
o 

. 

PERIOD 

Total  Number 
IN  Period 

Million   Gallc 
Sewage  Trea' 

Average    Peri 
Flow  (Hours) 

go 
< 

64 

< 

70 

Suspended  Matter 

Sludge 
Deposit 

1904-5 

Influent 

Removed 

•♦J 

O 

o 

"2 

To- 
tal 

Vol- 
atile 

To- 
tal 

Vol- 
atile 

5^. 

OS 

AnsT- 16  to  Sept.  10. 

25.19 

8.2 

1.47 

0.71 

0.28 

0.19 

0.03 

1.59 

0.26 

0.16 

Sept.  10  to  Oct.  2.. 

21.98 

7.8 

1.29 

65 

69 

0.82 

0.24 

0.29 

0.14 

2.10 

0.28 

0.13 

Oct.  2  to  Oct.  5.... 

2.83 

1.0 

1.30 

55 

68 

1.U8 

0.55 

0.23 

0.32 

3.29 

0.32 

0.17 

Oct.  5  to  Oct.  9.... 

4.11 

1.5 

1.26 

58 

68 

1.36 

0.67 

o.a3 

0.49 

2.06 

0.18 

0.10 

Oct.  9  to  Oct.  13... 

3.86 

1.4 

1.27 

61 

67 

2.08 

0.48 

0.90 

0.16 

5.49 

0.82 

0.24 

Oct.  13  to  Oct.  21 

8,03 

2.7 

1.37 

55 

64 

0.86 

0.36 

0.31 

0.13 

1.89 

0.27 

0.14 

Oct.  21  to  Oct.  26. 

5.07 

1.9 

1.23 

46 

63 

0.93 

0.43 

0.38 

0.15 

2.37 

0.30 

0.15 

Oct.  26  to  Nov.  2  .. 

672 

2.4 

1.29 

42 

63 

0.74 

0.33 

0.31 

0.11 

1.98 

0.21 

0.12 

Nov.  2  to  Nov.  9... 

6.34 

2.3 

1.27 

46 

63 

0.87 

0.44 

0.42 

0.17 

4.07 

0.58 

0.32 

Nov.  9  to  Nov.  17.. 

8  41 

3.1 

1.22 

37 

61 

0.% 

0.55 

0.44 

0.37 

2.41 

0.27 

0.15 

Nov,  17  to  Nov.  24. 

6.84 

2.5 

1.26 

45 

61 

0.91 

0.44 

0.38 

0.16 

3.12 

0.27 

0  12 

Nov.  24  to  Dec.  1 . . 

6.95 

2.4 

1.33 

35 

58 

2.14 

0.45 

1.56 

0.12 

3.73 

0.42 

0.23 

Dec.  1  to  Dec.  8 

7.40 

2.6 

1.31 

33 

56 

0.80 

0.43 

0.24 

U.IO 

2.98 

0.30 

0  17 

Dec.  8  to  Dec.  20. . . 

1160 

4.0 

1.33 

22 

54 

0-74 

0.37 

0.26 

0.13 

3.05 

0.24 

0.13 

Dec.  20  to  Dec.  30. . 

10.13 

3.5 

1.33 

33 

51 

1.54 

0.45 

0.42 

0.09 

3.28 

0.67 

0.26 

Dec.  30  to  Jan.  16.. 

16.87 

5.8 

1.33 

27 

51 

0.70 

0.37 

0.23 

0.12 

1.71 

0.23 

0.14 

Jan.  16  to  Feb.  2... 

17  00 

5.8 

1.35 

24 

52 

0.46 

0.25 

0.06 

0.00 

1.48 

0.15 

0.09 

Feb.  2  to  Feb.  18.. 

16.30 

5.4 

1.41 

18 

49 

0.45 

0.24 

0.17 

0.05 

1.19 

0.19 

0.07 

Feb.  18  to  Mar.  24. 

33.81 

12.4 

0.24 

39 

51 

0.80 

0.30 

0.13 

0.05 

0.68 

0.19 

0.08 

Mar.  24  to  Apr.  3.. 

9.77 

3.6 

0.24 

5€ 

51 

0.76 

0.37 

0.13 

0.05 

1.38 

0.18 

0.0^ 

Apr.  3  to  Apr.  15.. 

11.99 

4.5 

0.24 

50 

58 

1.32 

0.55 

0.40 

0.14 

2.10 

0.34 

0.19 

Apr.  15  to  Apr.  25  . 

983 

3.2 

0.28 

50 

57 

0.97 

0.24 

0^5 

0.02 

1.84 

0.34 

0.17 

Apr.  25  to  May  6.. 

10.74 

3.0 

0.29 

64 

62 

1.49 

0.37 

0.28 

0.01 

2.06 

0.35 

0.15 

May  6  to  May  14.. 

7.90 

2.2 

0.32 

65 

62 

1.90 

0.31 

0.59 

0.09 

2.71 

0.56 

0.23 

May  14  to  May  26.. 

12.00 

2.7 

0.40 

61 

58 

0.90 

0.25 

0.20 

0.05 

2.24 

0.29 

0.12 

May  26  to  June  2.. 

6.77 

1.6 

0.38 

68 

62 

0.68 

0.24 

0.22 

0.09 

1.55 

0.21 

0.09 

June 2  to  June  7... 
June7  to  Jnde  13.. 

4.89 

1.1 

0.40 

72 

66 

1.65 

0.41 

U.69 

0.20 

3.00 

0.48 

0.20 

5.95 

1.4 

0.38 

70 

66 

0.55 

0.19 

0.10 

0.04 

1.% 

0.28 

0.13 

June  13  to  June  17. 

3.85 

0.9 

0.38 

77 

66 

1.82 

0.29 

0.77 

0.11 

2.% 

0.27 

0.17 

June  17  to  June  22. 

5.15 

1.5 

0.31 

82 

70 

1.52 

0.22 

0.37 

0.03 

1.58 

0.38 

0.12 

June22to  June3o. 

7.08 

3.0 

0.21 

70 

67 

0.55 

0.18 

-0.18 

-0.08 

1.37 

0.17 

0.08 

DISTRIBUTION  OF  THE  SLUDGE  DEPOSIT  IN  THE 
REMODELLED  GRIT  CHAMBER. 


In  connection  with  the  remodelled  grit  chamber,  studies 
were  made  regarding  the  distribution  and  composition  of  the 
sludge  deposited  near  the  inlet  and  outlet  end  of  the  tank.  These 
studies  were  made  to  learn  if  anything  would  be  gained  by 
reducing  the  length  of  travel  of  the  sewage  in  the  grit  chamber, 
and  thereby  secure  a  more  complete  separation  of  the  mineral 


SKDIMKNTATION   AT   HIGH  VKLOCITIES 


83 


from  the  volatile  suspended  matter  in  the  sewage.  They 
showed  cleariy  that  such  a  result  could  not  be  effected  in 
this  manner,  but  rather  that  the  greater  portion  of  volatile  sus- 
pended matters  were  deposited  near  the  inlet  end  of  the  chamber. 
The  results  of  these  studies  are  presented  in  summarized  form 
in  the  following  table : 

Relative  Amounts  and  Composition  of  the  Sludge 

Deposited  in  the  Inlet  Half  aand  Outlet  Half 

of  the  Remodelled  Grit  Chamber*. 


Section 

AVER- 
AGE 
VELOC- 
ITY OF 
FLOW    IN 

m.  in. 

PEK 
SECOND 

AVER- 
AGE 
PERIOD 
OF  FLOW 
IN 
BACH 
SECTION 

Sludge  Deposit  per 
Million  Gallons 

PER 
CENT. 

OF 

WATER 

IN 

WET 

SLUDGE 

PER 
CENT. 
VOLA- 

IN THE 

Chamber 

Cubic 

Yards 

of  Wet 

Sludg-e 

Tons  Dry  Solids 

TILE 

MATTER 

IN  DRY 

Volatile 

Mineral 

SLUDGE 

Inlet  to 
Middle 

11.40 

0.145 

0.92 

0.066 

0.07 

83.7 

48.5 

Middle  to 
Outlet 

1139 

0.145 

1.15 

0.964 

0.11 

83.9 

36.8 

*  The  tank  was  39.5  feet  in  lengrth. 


EFFECT  OF  SLUDGE  ACCUMULATION   ON  THE 
EFFICIENCY  OF  GMT  CHAMBERS. 

As  the  sludge  accumulated  in  the  grit  chambers  the  velocity 
of  flow  of  the  sewage  therein  was  correspondingly  increased,  due 
to  the  diminution  in  the  area  of  the  effective  cross-section  of  the 
tank.  There  were  two  conditions  under  which  a  diminished 
efficiency  might  have  been  expected  to  obtain  in  these  tanks 
under  these  circumstances,  namely :  First,  if  the  critical  velocity 
were  exceeded;  and,  second,  through  bottom  scour.  In  neither 
the  deep  tank  (Original  Chamber)  nor  in  the  shallow  tank  (Re- 
modelled Chamber)  were  there  any  evidences  th9,t  either 
of  these  factors  entered  materially  into  the  efficiency  of  the  tanks 
during  the  tests.  Certain  average  results  are  presented  in  the 
next  table,  which  show  that  any  diminution  in  subsiding 
efficiency  noted  in  either  tank  was  probably  due  more  to  the 
amount  and  character  of  suspended  matter  which  the  sewage 
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contained  during  given  periods,  than  to  any  considerable  eflfect 
introduced  by  bottom  scour,  or  by  exceeding  the  critical  velocity. 

Bepresentaiive  Averages  of  all  Results  to  Show  the  Suh$idr 
ing  Efficiency  of  the  Grit  Chambers  During  Different  Stages 
of  Sludge  Accumulation  When  the  Periods  Between  Glean- 
ings Equalled  or  Exceeded  Ten  Days, 


Number 

OF 

Days 

Sl^UDGE 

Deposi- 
tion 

IN 

Inches 

Vei^ocity 
OF  Fi^ow 
IN  m  .m. 

PER 

Second. 

Suspended  Matter 

Since    Tank 

WAS 

Parts  Per  Mii,i<ion 

Per 

Last 
Ci^eaned 

Influent 

Effluent 

Cent. 
Removed 

Original  Grit  Chamber— 


1 

0.38 

26 

137 

% 

53 

3 

1.02 

2.6 

145 

110 

24 

7 

2.82 

2.7 

159 

109 

31 

10 

5.17 

2.7 

150 

96 

36 

/f0mode//0(f  Orlt  Chamber — 


1 

0.42 

9.3 

216 

179 

17 

3 

2.02 

9.9 

248 

189 

24 

7 

6.35 

11.7 

306 

226 

29 

10 

7.87 

12.5 

185 

148 

20 

.     AMOUNT  AND  CHARACTER  OP  THE  SLUDGE  DEPOSITED  IN  THE 
GRIT  CHAMBERS,  AND  EFFECT  THEREON  OF  THE  COMPOSITION 

OP   THE   APPLIED   SEWAGE.  ♦ 

The  character  of  the  deposit  in  the  grit  chambers  yaried  to 
a  certain  extent  with  the  character  of  the  suspended  matter 
in  the  applied  se\yage  as  explained  in  Chapter  I.  During  the 
period  of  service  of  the  original  grit  chamber  (August  16,  1904, 
to  February  17,  1905),  the  proportion  of  volatile  to  total  sus* 
pended  matter  was  about  25  per  cent,  in  excess  of  that  noted 
during  the  period  of  operation  of  the  remodelled  grit  chamber 
(February  18  to  June  30,  1905).  It  has  already  been  explained 
that  this  was  due  to  the  protracted  drought  experienced  during 
thQ  first  half  of  the  period  covered  by  these  tests.  The  particles 
of  the  mineral  suspended  matter  normally  carried  by  the  local 
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sewage  are  present  in  a  yery  finely  divided  state.  It  is  clear  that 
this  was  the  reason  why  the  composition  of  the  sludge  deposited 
in  the  grit  chambers,  particularly  in  the  remodelled  chamber 
where  the  velocity  of  flow  was  increased  roughly  four  times  over 
that  which  obtained  in  the  case  of  the  original  chamber,  was  not 
materially  affected  by  the  composition  of  the  applied  sewage. 
Although  the  proportion  of  mineral  matter  was  quite  materially 
greater  during  the  last  half  of  the  period  covered  by  these  tests, 
the  particles  were  so  small  that  they  had  a  very  low  subsiding 
value.  This  being  the  case,  the  percentage  of  mineral  matter 
deposited  in  the  remodelled  grit  chamber  during  the  latter  half 
of  the  tests  was  no  greater  than  during  the  first  half  of  the  work. 

Volume  of  Sludge  Deposited  in  the  Orit  Chamber, 

In  the  following  table  there  are  presented  average  results  to 
show  the  amount  of  sludge  which  deposited  in  the  grit  chambers 
under  the  conditions  already  referred  to. 
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VoUime  of  Sludge  Deposited  in  the  Grit  Chambers. 


Tank 

Originai* 

RKMODKI.I.BD 

Period  in  Service 
1904-5 

August  16  to 
February  17 

February  18 
to  June  30 

Total  Days 

185.63 

129.73 

Times  cleaned 

18 

65.3 
2.6 
1.3 

34 
30 
35 

2.27 
0.29 
0.15 

2.55 

92 
80 
87 

52 

13 

Total  amount  sewag^e  treated,  million 
g'allons 

40.1 

Average  velocit v  of  flow  (m.  m.  per  sec.) . . 

Approximate  period  of  flow  (hours) 

Percent  of  suspended  matter  f  /pQ*-.! 
in    applied   sewage  which  |  Volatile 
was   removed  in   the  grii^  x>r:«^..oi" 
chamber                                  ^Mineral. 

Tons  of  slud&re  I  Wet 

11.39 

0.29 

22 
18 
24 

1.61 

deposit  per      <  tx__  a„,j^.  4  Total 

million  gallons  (  ^"^^  ^^'^'  \  Volatile. . 

Cubic  yards  wet  sludge  per  million  gal- 
lons  

0.28 
0.13 

1.76 

Per  cent,  water  in  wet              (  Maximum 

sludge <  Minimum 

(  Average 

Per  cent,  volatile  matter  in  dry  solids. . . . 

88 
72 
83 

46 

Composition  of  Grit  Chamber  Sludge. 

In  the  following  table  there  are  presented  the  average  re- 
sults of  11  complete  analyses  to  show  the  average  composition  of 
the  sludge  deposited  in  the  grit  chambers  during  the  tests : 
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Average  Composition  of  Grit  Chamber  Sludge. 

(Constituents  Given  in  Percentag-e  by  Weight  of  Wet  Sludge) 


Weight  of  wet  sludge  per  cubic  yard  (Pounds) 1825 

»■■■■■  ' 

Specific  gravity 1.081 

Water 82.4 

Solids 17.6 

Volatile  matter 7.9 

Nitrogen 0.23 

Fats 1.22 

Iron  (Fe) 0.33 

Ferrous  sulphide  (FeS) O.IS 

Iron  '(Not  as  FeS) 0.23 

Bacteria  per  gram  of       (  Total  number 300.0 

wet  sludge  -I 

(Millions)                    |  Gas  formers 12.0 


Appearance  of  Sludge  in  the  Effluent  of  the 

Grit  Chambers, 

Only  at  times  when  septic  action  in  the  sludge  layer  became 
suddenly  and  unexpectedly  apparent,  and  the  violent  ebullition 
of  gas  caused  an  upheaval  of  portions  of  the  sludge  layer  did 
abnormal  quantities  of  suspended  matter  pass  over  into  the  efflu- 
ent of  the  grit  chamber.  In  such  cases  the  tank  was  always  shut 
down  and  cleaned  out  at  once.  For  this  reason  whatever  ab- 
normal results  may  have  followed  the  upheaval  of  the  sludge 
layer  were  only  of  temporary  significance,  and  the  results  indi- 
cate that  they  were  not  worthy  of  consideration. 

No  scum  appeared  on  these  tanks.  There  were  no  oflfensive 
odors.  The  sludge  was  fibrous  or  granular  as  compared  with  the 
black  gelatinous  deposits  in  the  septic  tanks. 

While  the  sludge  visibly  affected  the  quantity  of  suspended 
matter  only  for  a  short  period,  before  cleanings,  it  is  true  that 
the  percentage  removal  of  suspended  matter  by  the  grit  chamber 
was  quite  variable,  as  shown  by  the  following  data : 
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Weekly  Average  Results   of  the   Total  and   Volatile 

Suspended  Matter  in  the  Applied  Sewage  and 

in  the  Effluent  of  the  Grit  Chamber, 

(Weekly  averages  of  168  hourly  samples  collected  each  week,  and 
examined  for  suspended  matter  by  the  Gooch  crucible  method.) 


Week  Ending 
1905 

SUSPENDED    MATTER 
Pabts  pee  Million 

Per 

Cent. 

Influent 

Effluent 

Removal 

Removed 

Total 

Vola- 
tile 

Total 

Vola- 
tile 

Total 

Vola- 
tile 

Total 

Vola- 
tile 

May  8 

266 
440 
182 
232 
244 
185 
222 
333 
110 

121 
155 
58 
94 
72 
48 
76 
73 
63 

142 
372 
142 
164 
147 
158 
210 
275 
97 

70 
73 
52 
78 
59 
39 
67 
46 
52 

124 
68 
40 
68 
97 
27 
12 
58 
13 

51 

82 

6 

16 

13 

9 

9 

27 

11 

47 
16 
22 
29 
40 
15 
5 
17 
12 

42 

May  15 

53 

May  22 

10 

May  29 

17 

June  5 

June  12 

18 
19 

June  19 

12 

June  20-23 

June  24-29 

37 
17 

Section  2. 


PLAIN   SEDIMENTATION  AT  LOW   VELOCITIES. 

Studies  of  the  efficiency  of  plain  sedimentation  at  low  veloci- 
ties as  a  preparatory  sewage  treatment  were  carried  on  in  two 
rectangular  tanks  in  which  the  relation  of  length  to  depth  was 
approximately  5  to  1  (40  feet  by  .8  feet).  The  effective  capacity 
of  these  tanks  was  about  17,000  gallons.  They  will  be  referred 
to  as  Plain  Settling  Tanks  A  and  B,  respectively. 

The  velocities  of  flow  in  these  tanks  were  on  the  average 
equal  to  A2  and  .56  m.  m.  per  second  (4.9  and  6.7  feet  per  hour), 
and  were  subject  to  but  slight  variation.  The  periods  of  flow 
were  equal  to  about  8.0  and  6.0  hours,  respectively. 

It  is  to  be  clearly  xinderstood  that  the  sewage  applied  to 
the  tanks  had  first  passed  through  the  grit  chambers,  as  fully 
discussed  in  the  last  section.  Plain  Settling  Tank  A  was  oper- 
ated continuously  from  August  16,  1904,  to  June  30,  1905 ;  and 
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Plain  Settling  tank  B  from  November  22, .  1904,  to  April  18, 
1905. 

RESULTS  ACCOMPLISHED  BY  PLAIN  SETTLING  TANKS  A  AND  B. 

In  the  appendices  will  be  found  all  detailed  analytical  data 
regarding  the  operation  of  Plain  Settling  Taiiks  A  and  B.  In 
the  following  table  are  given  the  average'  results  of 
monthly  analyses  of  the  influents  and  effluents  of  these  two 
tanks,  following  which  tables  are  given  showing  the  percentages 
of  removal  by  these  tanks  of  the  several  constituents  of  the  ap- 
plied and  the  crude  sewage,  respectively: 

The  monthly  average  results  of  analysis  of  the  influents 
and  effluents  of  the  plain  settling  tanks  are  recorded  in  the 
following  table : 
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Percentages  of  Removal  of  Plain  Settling  Tanks  A  and  B 
of  the  Several  Constituents  of  the  Applied  Sewage, 


Total  Number  Por- 
tions   Making    up 
Average  Samples 

Total  Number   of 
Average  Samples 

PERCENTAGE  REMOVAL 

MONTH 

■ 

1 
si 

O 

Nitrogen 
as 

Suspended 

Residue  qn 

Evaporation 

*5 
ta 

Ui 

O 

1904-5 

73 

■— 
o 

« 

o 
> 

c 

< 

M 

H 
H 
U 

< 

n 

Plain  Settling  Tank  A  — 
Auf^ust 

120 
120 
336 
384 
408 
384 
336 
384 
120 
96 
% 

5 

5 

14 

16 

17 

16 

14 

16 

5 

4 

4 

9 
25 
23 
19 
15 
18 
16 
28 
21 
18 
30 

11 

25 
35 
18 
14 
12 
15 
23 
22 
23 
30 

-1 

6 

2 

3 

-3 

0 

5 

-1 

-4 

-3 

-7 

22 
56 
58 
44 
48 
35 
34 
63 
56 
64 
52 

45 
47 
46 
41 
42 
39 
62 
62 
68 
15 

45 
64 
41 
53 
23 
29 
65 
54 
63 
67 

Seotember 

-50 

October 

-38 

November 

December 

-60 
-119 

January 

-69 

February 

-214 

March 

April 

-254 
-390 

May 

-141 

June 

-162 

Averag'e 

2784 

116 

20 

10 

0 

47 

47 

53 

-70 

Plain  settling  Tank  B  — 

November 

48 
312 
312 
288 
312 

48 

2 
13 
13 
12 
13 

2 

17 
12 
10 
18 
30 
25 

23 
18 
16 
12 
20 
-2 

-13 
9 
-1 
5 
0 
2 

58 
44 
38 
25 
57 
57 

48 
33 
36 
18 
61 
56 

68 

53 
40 
33 

54 
58 

-186 

December 

January 

February 

March 

-50 

-93 

-234 

-146 

April 

-153 

Averag'e 

1320 

55 

17 

17 

6 

46 

41 

50 

-90 
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Average  Percentages  of  Removal  Referred  to 

the  Cnide  Sewage, 

{Combined  EflEiciency  of  the  Grit  Chamber  and  Plain  Settling  Tanks) 


, 

Total 

Num- 
ber 

OF 

Sam- 
ples 
Aver- 
aged 

PERCENTAGE    REMOVAL 

Period 

Ox- 
ygen 

Con- 
sumed 

Nitrogen  as 

Suspended  Residue 
ON  Evaporation 

1904-5 

Or- 
g-anic 

Free 
Am- 
monia 

Bac- 

Total 

Vola- 
tile 

Min- 
eral 

TERIA 

Tank     August  16  to 
A.     June  30 

116 

34 

34 

-2 

69 

56 

69 

8 

.        November  18 
^'     to  April  28. . 

76 

28 

27 

0 

63 

59 

66 

-17 

yj       November  22 
^'      to  April  18.. 

55 

26 

30 

6 

63 

54 

69 

17 

GENERAL  COMMENTS  ON  THE  EFFICIENCY  OF  THE 
PLAIN   SETTLING  TANKS. 

Uniformity  of  Flow.  Attempts  were  made  to  determine  by 
means  of  floats  the  uniformity  of  flow  of  the  sewage  through  the 
settling  tanks,  but  the  velocity  of  flow  was  so  low  that  nothing 
definite  was  learned  in  this  regard  in  this  maimer.  While  there 
may  at  times  of  extreme  cold  or  extreme  hot  weather  have  been 
a  certain  degree  of  stratification  in  these  basins,  a  number  of 
series  of  carefully  made  observations  on  the  temperature  of  the 
sewage  at  different  depths  .in  the  tanks  disclosed  no  information 
of  a  decisive  character  which  would  tend  to  show  that  stratifica- 
tion was  a  factor  in  influencing  the  uniformity  of  flow  through 
these  tanks.  The  evidence  seems  to  be  reasonably  sound  that  the 
flow  through  these  basins  was  substantially  uniform,  certainly  as 
much  so  as  would  be  encountered  in  much  larger  basins. 

Character  of  the  Suspended  Matter  in  the  Effluents,  The 
comparatively  low  velocities  and  the  long  period  of  flow 
allowed  in  these  basins  appear  to  justify  the  statement  that  such 
suspended  matter  as  passed  out  in  the  effluents  of  these  tanks 
may  be  practically  regarded  as  colloidal,  and  with  only  a  small 
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part  removable  by  further  subsidence  within  a  practical  time 
limit.  As  was  clearly  shown  in  the  last^table  the  percentages  of 
removal  of  suspended  matter  effected  in  Plain  Settling  Tanks 
A  and  B  were  substantially  equal,  although  in  the  latter  tank 
the  veiocity  of  flow  was  0.56  m.  m.  per  second,  as  against  a 
velocity  of  0.42  m.  m.  per  second  in  the  former  tank.  The 
residual  suspended  matter  in  the  effluents  of  these  tanks  amount- 
ed to  about  75  parts  per  million  on  an  average,  and  was  com- 
posed of  fine  particles,  which,  as  above  stated,  were  only  remov- 
able with  difficulty  by  subsequent  subsidence. 

Even  during  the  spring  and  early  autumn  the  results  of 
hourly  samples  of  influent  and  effluent  showed  no  signs  of  sludge 
passing  out  with  the  effluent.  In  fact  these  data  as  recorded  in 
the  following  table  show  a  notable  uniformity  in  the  removal  of 
suspended  matter  when  compared  with  corresponding  results 
tabulated  beyond  for  the  septic  tanks : 

Weekly  Average   Results  of  the   Total   and  Volatile 

Suspended  Matter  in  the  Applied  Sewage  and  in 

the  Effluent  of  Plain  Settling  Tank  A. 

(Weekly  averag-es  of  168  hourly  samples  coUec.ted  each  week,  and 
examined  for  suspended  matter  by  the  Gooch  crucible  method.) 


1905 
Week 

SUSPENDED    MATTER 
Parts  per  Million 

Per 
Cent. 

Influent 

Effluent 

Removal 

Removed 

Ending 

To- 
tal 

Vol- 
atile 

To- 
•  tol 

Vol- 
atile 

To- 
tal 

Vol- 
atile 

To- 
tal 

Vol- 
atile 

May  8 

May  15 

May  22 '.".'. 

142 
372 
142 
164 
147 
158 
210 
275 
97 

70 
73 
52 
58 
59 
39 
67 
46 
52 

80 

162 

64 

64 

72 
92 
68 
133 
54 

62 
42 
34 

36 
24 
35 
30 
31 

.62 
210 

78 
100 

75 

66 
142 
142 

43 

8 
31 
18 

8- 
23 
15 
32 
16 
21 

44 
56 
55 
61 
51 
42 
68 
52 
44 

12 
42 
35 

May  29. 

June  5. 

14 
39 

June  12 

39 

June  19 

June  20-23 

Juue  24-29 

48 
35 
40 

Effect  of  Sludge  Accumulation  Upon  Efficiency.  In  no 
case  did  the  sludge  layer  in  either  of  the  plain  settling  tanks 
exceed  14  inches  in  thickness,  and  the  velocity  of  flow  in  these 
tanks  was  clearly  so  far  below  the  critical  velocity  that  bottom 
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scour  was  not  a  factor,  and  the  accumulation  of  sludge  in  these 
basins  was  never  a  disturbing  element  in  the  satisfactory  work- 
ing of  these  tanks. 

Effect  of  Temperature,  Theoretically  a  diminution  in  the 
efficiency  of  the  plain  settling  tanks  might  be  expected  to  follow 
the  advent  of  cold  weather  and  lower  temperatures  in  the  case 
of  the  applied  sewage,  due  partly  to  stratification  and  partly  to 
the  effect  of  temperature  upon  hydraulic  subsiding  values. 
Although  as  stated  above  no  marked  evidences  of  stratification 
were  noted  at  any  time  in  the  case  of  the  settling  tanks  it  was 
not  possible  to  obtain  thoroughly  decisive  data  on  this  point,  for 
the  reason  that  during  the  coldest  months,  namely,  January  and 
February,  not  only  was  the  temperature  of  the  sewage  at  a 
minimum,  but  the  dilution  of  the  same  was  at  a  maximuni,  due 
to  the  fact  that  on  more  than  one-half  of  the  days  in  these  months 
there  occurred  a  fall  of  either  rain  or  snow.  While  the  total  pre- 
cipitation was  considerably  below  the  normal,  the  more  or  less 
steady  dilution  effected  by  sinall  rainfalls  and  melting  snow 
naturally  influenced  the  average  composition  of  the  sewage  to  a 
greater  degree  than  would  have  been  true  if  the  precipitation 
had  occurred  on  a  smaller  number  of  days. 

During  the  coldest  months,  therefore,  the  sewage  contained 
on  an  average  the  lowest  amounts  of  suspended  matter,  the 
character  of  which  was  fine,  and  of  low  subsiding  value.  While 
the  percentage  removal  of  suspended  matter  by  the  settling  tanks 
during  January  and  February  was  the  lowest  noted  during  the 
tests,  and  while  in  a  measure  this  result  may  have  been  influenced 
to  a  considerable  degree  by  the  low  temperatures,  there  is  a 
strong  probability,  to  say  the  least,  that  the  composition  of  the 
sewage  was  the  controlliing  factor  in  this  connection.  In  fact, 
a  comparison  of  the  data  for  January  and  March  shows  this  to 
be  practically  a  certainty. 
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Effect   of  Temperature  and  Composition  of  Applied 
Sewage  on  the  Efficiency  of  Plain  Settling  Tanks, 


PLAIN  SETTLING  TANK  A 

PLAIN  SETTLING  TANK  B 

MONTH 

fa  ^ 

^    • 

fa  t3 

Total  Suspended 
Matter 

?* 
fa  ^ 

B 

K     . 

U  H 

<  A 
X  t) 
W  J 

fa  fa 

r- 

Total  Suspended 
Matter 

1904-5 

Applied  Sew- 
afire.    Parts 
per  Million 

Per  Cent. 
Removed 

Applied  Sew- 
atre.    Parts 
per  Million 

Per  Cent. 
Removed 

Augfust . 

September 

October 

68 
70 
b4 
59 
52 
49 
46 
50 
57 
62 
67 

77* 
142 
159 
126 
165 
107 

88 
167 
274 
237 
216 

22 
56 
58 
44 
48 
35 
34 
63 
56 
64 
52 

November  . . . 

December 

January  

February  

March 

April 

58 
52 
50 

47 
49 

57 

137 
139 
111 
88 
171 
291 

58 
50 
38 
25 
57 
57 

May 

June 

Note:    *  Average  of  Autrnst  18,  19,  23.  24  and  28. 
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In  this  connection  it  is  significant  to  note  how  the  composi- 
tion of  the  sewage  influenced  the  character  of  the  sludge. 

Effect  of  Composition  of  Sewage  upon  the  Character  of  Sludge 
Produced  in  Settling  Tanks. 


nalB  Sttllliv 

Taut  A- 
Sept.  7. . . 
Oct.  2... 
Oct.  11.  . 
Nov.  3. .  . 
Nov.  18... 
Nov.  30. .  , 
Dec.  12  .. 
Jan.  19, 
Feb.  2. . . 
March  4. . , 
April  3... 
April  28,.: 
May  21... 
June  U... 
June  22... 
June   30.. 


Dav9 

22.15 

1.512,000 

18.06 

8.74 

463,030 

22.77 

1,153,705 

14.76 

710,=64 

11.89 

644,234 

11.83 

624.906 

37.71 

1,387,316 

13,82 

651,406 

30,00 

1.546,282 

28.53 

1,528,729 

24,73 

1,235.550 

23,31 

1,141,200 

23,56 

1,134,400 

303,100 

6  92 

328.808 

8,84 

640,650 

12.61 

865,100 

24.75 

1,C82,S00 

22.92 

1.537.900 

29  60 

2,026.700 

26.72 

1.834.000 

18. S4 

1.261.000 

Parts  Pen  Mil 


COMPOSITION 
OF  SLUDGE 
DEPOSITED 


61  44 
48  34 
71109 
113178 


6S  3 
40.5 

55,9 
55.4  44.6 
42.9 
41.9 
37.1 
42,0 


41.9 

38.5 
57.9 


Effect  of  Wind  Action.  In  a  general  way  it  is  to  be  ex- 
pected that  the  efficiency  of  a  settling  tank,  other  things  being 
equal,  may  be  affected  by  wind  action ;  and  that  this  effect  will 
depend  on  a  series  of  factors,  especially  the  surface  area  of  the 
tanks.    The  settling  tanks  at  the  testing  station  were  not  large 
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enough,  however,  for  wind  action  to  make  itself  decidedly  felt, 
as  indicated  by  the  following  table  of  average  results : 

Effect  of  Wind  Action  on  Subsiding  Efficiency, 

(Averag-e  of  All  Results  Obtained  with  Plain  Settling  Tank  A) 


Range  in  Current 
Wind  Velocity. 
(Miles  Per  Hour) 

SUSPENDED    MATTER 

Parts  Per  Million 

Per 

Cent. 

Influent 

Effluent 

Removed 

0  to    5 

5  to  10 

10  to  15 

15  to  25 

115 

•      173 

126 

167 

59 
83 
62 
83 

49 

'      52 
51 
51 

Regarding  the  Removal  of  Dissolved  Matter.  The  results 
of  116  and  55  average  samples  of  the  influents  and  effluents  of 
Plain  Settling  Tanks  A  and  B,  respectively,  representing  a  total 
of  4,104  individual  hourly  portions  in  the  case  of  both  the  in- 
fluents and  effluents  of  these  tanks  show  that  there  was  no  ap- 
preciable removal  of  dissolved  matters  by  these  tanks  at  the 
velocities  and  periods  of  flow  at  which  they  were  operated. 

Removal  of  Organic  Matter,  Analysis  of  the  same  number 
of  samples  as  above  stated  showed  that  the  average  removal  of 
organic  matter  by  Plain  Settling  Tanks  A  and  B  were  as  fol- 
lows: Organic  nitrogen,  20  and  17  per  cent.,  respectively; 
organic  carbon  (oxygen  consumed),  20  and  17  per  cent.,  respec- 
tively; total  volatile  matter,  18  and  17  per  cent.,  respectively. 
Referring  these  results  back  to  the  crude  sewage  the  following 
total  percentage  removals  by  the  combined  grit  chamber  and 
Plain  Settling  Tanks  A  and  B'  are  noted :  Organic  nitrogen,  34 
and  30  per  cent.,  respectively;  organic  carbon  (oxygen  con- 
sumed), 34  and  26  per  cent.,  respectively;  total  volatile  matter, 
30  and  26  per  cent.,  respectively. 

Change  in  the  Free  -Ammonia,  No  appreciable  change 
took  place,  on  an  average,  in  the  free  ammonia  of  the  applied 
sewage  on  its  passage  through  the  plain  settling  tanks.     The 
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average  results  show  that  no  change  took  place  in  Plain  Set- 
tling Tank  A,  and  that  a  removal  of  6  per  cent,  was  effected 
in  Plain  Settling  Tank  B.  Referring  these  results  back  to  the 
crude  sewage  does  not  affect  the  above  statement. 

Removal  of  Fats.  The  average  results  of  analyses  of  720 
samples  of  the  influent  and  effluent  of  Plain  Settling  Tank  A 
collected  at  hourly  intervals  during  the  month  of  June,  1905, 
show  that  the  amounts  of  ether-soluble  matter  in  the  applied 
sewage  and  effluents  of  this  tank  were  18  and  11  parts  per  mil- 
lion, respectively,  corresponding  to  a  removal  of  39  per  cent. 
Combining  this  result  with  the  removal  effected  in  the  grit 
chamber  during  the  same  period  it  is  seen  that  their  combined 
efficiency  in  the  removal  of  fatty  matters  from  the  crude  sewage 
was  equal  to  50  per  cent. 

Removal  of  Bacteria.  In  general  the  removal  of  bacteria 
by  plain  sedimentation  approaches, that  of  the  total  suspended 
matter.  Although  particular  care  was  taken  to  avoid  errors  in 
sampling,  at  no  time  was  there  noted  a  material  rtsmoval.  of 
bacteria  in  Plain  Settling  Tanks  A  and  B,  and  on  the  average 
there  were  evidences  of  growth  on  the  part  of  the  bacteria  in 
the  tanks. 

From  the  assumption  that  the  removal  of  bacteria  by  sedi- 
mentation will  closely  approximate  that  of  total  suspended  mat- 
ter, such  as  has  been  repeatedly  noted  in  problems  of  water 
purification,  the  following  line  of  reasoning  may  be  made :  On 
an  average  the  numbers  of  bacteria  in  the  sewage  applied  to 
Plain  Settling  Tanks  A  and  B  were  2,000,000  and  1,000,000  per 
cubic  centimeter,  respectively.  The  average  removals  of  total 
suspended  matter  were  47  and  46  per  cent.,  respectively.  Theo- 
retically the  numbers  of  bacteria  in  the  effluents  of  these  two 
tanks  should  have  approximated  1,060,000  and  540,000  per  cubic 
centimeter,  while  they  were  actually  3,400,000  and  1,900,000  per 
cubic  centimeter,  respectively;  that  is,  2,340,000  and  1,360,000 
bacteria  per  cubic  centimeter  are  numbers  which  may  be  re- 
garded as  representing  the  extent  of  the  growths  which  took  place 
in  these  tanks.  It  is  interesting  to  compare  with  these  results 
the  increase  in  numbers  of  bacteria  which  take  place  in  sewage 
standing  in  bottles. 
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Results  Illustrative  of  the  Multiplicdtion  of 

Bacteria  in  Sewage, 


BACTERIA  PER  CUBIC  CENTIMETER 

PERCENTAGE 

(Millions) 

INCREASE 

■     ' 

Plain  Settling  Tanks 

* 

In  BoTTi^ES 

Standing  at  a 

Tempetkature 

M 
•J 
H 
H 

In  Plain 

HOURS 

A 

B 

Settling 
Tank 

OF  13  Deg.  C. 

In- 
fluent 

Ef- 
fluent 

In- 
fluent 

Ef. 
fluent 

O 

>: 

A 

B 

0 

1.4 

2.0 

•    •    •    • 

1.0 

•   •   •   • 

•  % 

■    •    ■    ■ 

•    •    •    ■ 

3 

2.5 

•  •   ■   • 

•   •   •    • 

•   •   •    1 

•    •    •    • 

79 

•    •    •    • 

•   «    •   • 

6 

3.4 

•    ■    ■    • 

•    •    •    • 

•   •   •   • 

1.9 

143 

•    •    •   « 

90 

8 

5.8* 

•    «    ■    ■ 

3.4 

•    •    •    • 

•   «  •   » 

314 

70 

•   •   •   • 

FREQUENCY  OF   NECESSARY   SLUDGE  REMOVAL. 

Eeference  has  already  been  made  to  the  fact  that  at  the 
first  marked  sign  of  gas  evolution  in  the  settling  tanks  they  were 
put  out  of  service,  drained,  the  sludge  layer  measured  and 
sampled,  after  which  the  tanks  were  flushed  with  a  hose. 

The  periods  between  such  obligatory  cleanings  of  the  set- 
tling tanks  varied  in  a  general  way  with  the  temperature  of  the 
air  and  of  the  sewage.  The  shortest  periods  were  noted  in  June, 
1905,  being  of  about  7  days'  duration.  The  longest  period  was 
noted  in  December- January,  and  was  of  37.71  days'  duration. 
The  average  period  between  obligatory  cleanings  of  Plain  Set- 
tling Tank  A,  from  August  16,  1904,  to  June  30,  1905,  was  19.13 
days.  In  the  case  of  Plain  Settling  Tank  B,  which  was  operated 
from  November  24,  1904,  to  April  18,  1905,  the  average  period 
between  obligatory  cleanings  amounted  to  20.46  days.  Detailed 
records  of  these  periods  are  as  follows: 
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Record  of  Sludge  Dej^osition  in  Plain  Settling  Tanks, 


Period 
1904-5 


Plain  Settling  Tank  A- 

Aug.  16  to  8ept.  7. 
Sept.  14  to  Oct.  2.. 
Oct.  2  to  Oct.  11  . . 
Oct.  11  to  Nov.  3. . . 
Nov.  3  to  Nov.  18.. 
Nov.  18  to  Nov.  30. 
Nov.  30  to  Dec.  12. 
Dec.  12  to  Jan.  19.. 
Tan.  19  to  Feb.  2.  . 
Feb.  2  to  Mar.  4  . . 
Mar.  4  to  April  3. . 
April  3  to  April  28. 
April  29  to  May  21. 
May  21  to  June  14. . 
June  14  to  June  22. 
June  23  to  June  30. 

Plain  Settling  Tank  B- 

Nov.  24  to  Dec.  3. . 
Dec.  3  to  Dec.  16. . . 
Dec.  16  to  Jan.  10. . 
Jan.  10  to  Feb.  2... 
Feb.  2  to  Mar.  4... 
Mar.  4  to  Mar.  31. . 
Mar.  31  to  April  18. 


b 
O 

pq 
P 

< 
H 
O 

H 


Q 
O 

M 

K 

H 


CO 

P 


22.15 
18.06 
8.74 
22.77 
14.76 
11.89 
11.83 
37.71 
13.82 
30.00 
28.53 
24.73 
23.31 
23.56 
7.77 
6.42 


8.84 
12.61 
24.75 
22.42 
29.61 
26.72 
18.28 


(0 

AVBRAOB 

Tkmper- 

h) 

ATUKB 

5« 

Degr.  F. 

Million 
Tkeati 

a 

a 

m 

< 

1.51 

69 

69 

0.92 

65 

70 

0.46 

59 

68 

1.15 

48 

62 

0.71 

42 

50 

0.64 

41 

58 

0.62 

30 

55 

1.89 

27 

48 

0.65 

22 

50 

1.55 

26 

46 

1.53 

51 

51 

1.24 

58 

58 

1.14 

63 

61 

1.13 

64 

.65 

0.30 

81 

67 

0.33 

70 

68 

0.64 

37 

56 

0.87 

25 

54 

1.68 

30 

51 

1.54 

24 

49 

2.03 

26 

46 

1.83 

51 

50 

1.26 

.49 

57 

TONS  PER  MII^LION  GALLONS 


In- 
fluent 


o 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 

0 
0 
0 


,43 

60 

,88 

54 

49 

,58 

50 

65 

37 

40 

,72 

,27 

17 

82 

.88 

.79 


0.55 
0.51 
0.57 
0.44 
0.34 
0.75 
1.21 


V 


o 

> 


0.28 
0.26 
0.25 
0.24 
0.28 
0.31 
0.26 
0.29 
0.24 
0.20 
0  29 
0.49 
0.25 
0.2'^ 
0.28 
0.25 


Rr. 

MOVED 


cd 

■*•> 

o 


0. 

0 

0 

0, 

0, 

0 

0. 


26 
27 
29 
25 
20 
30 
47 


0.20 
0.29 
0.55 
0  28 
0.20 
0.27 
0.24 
0.28 
0.12 
0.16 
0.46 
0.69 
0.77 
0.48 
0  59 
0.34 


0.30 
0.21 
0.23 
0.17 
0.06 
0.42 
0.69 


V 


> 


0. 

0. 

0 

0, 

0 

0 

0, 

0, 

0, 

0, 

0 

0 

0 

0 

0 

0 


0, 

0 

0 

0 

0 

0, 

0, 


Sludge  Deposit 


.—I 
o 


14 
08 
12 
11 
11 
16 
10 
13 
07 
10 
18 
30 
16 
10 
13 
02 


08 
08 
13 
08 
05 
18 
26 


14 

87 
23 
0: 
59 
68 
5.43 
3  14 
3.46 
1.74 
3.25 
4.13 
3.54 
3  31 
5.81 
4.81 


5.07 
4.70 
3.33 
2.38 
1  56 
0.39 
4.57 


Dry  Solids 


o 

H 


0.19 
0.29 
0.33 
0  08 
0  03 
0.23 
0.38 
0.25 
0.23 
0.23 
0.55 
0.67 
0.79 
0.46 
0.74 
0.39 


0.31 
0.30 
0.38 
0.18 
0.2G 
0.43 
0.52 


.—I  "^ 

> 


0.97 
0.17 
0.14 
0.04 
0.01 
0.14 
0.24 
0.15 
0.14 
0.10 
0.23 
0.24 
0.21 
0.16 
0.16 
0.17 


0.19 
0.1<> 
0.17 
0.10 
0.09 
0.17 
0.24 


As  throwing  light  on  the  general  accuracy  of  these  data, 
for  the  deposit  of  suspended  matter  it  is  of  interest  to  note  that, 
while  there  is  considerable  variation  in  some  instances  between 
the  weight  of  dry  solids  removed  and  found  in  the  sludge  deposit, 
yet  on  the  average  the  results  agree  very  closely  for  Tank  A, 
but  show  a  discrepancy  of  more  than  10  per  cent  for  Tank  B. 
On  the  whole,  it  is  believed  that  the  records  of  solids  deposited 
are  best  shown  by  the  sludge  analyses,  notwithstanding  the 
unusual  frequency  with  which  samples  of  the  influent  and  effluent 
were  collected  during  these  tests. 

Compared  with  the  grit  chambers  it  is  apparent  that  the 
periods  between  necessary  cleanings  are  considerably  longer  in 


i 
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the  case  of  the  settling  tanks.  The  reason  for  this  is  not  clearly 
apparent,  but  may  have  been  due  to  Certain  industrial  wastes 
which  affected  only  or  chiefly  the  conditions  in  the  grit  chambers. 
It  is  a  fact  that  when  the  sewage  contained  large  quantities  of 
a  waste  discharged  presumably  from  certain  tanneries  in  the 
city,  although  the  grit  chambers  almost  immediately  showed 
pronounced  signs  of  gas  evolution,  no  such  phenomenon  was 
recorded  in  any  instance  in  the  case  of  the  plain  settling  tanks. 
The  tannery  waste  was  composed  largely  of  coarse  flocculent 
particles  which  subsided  readily,  and  probably  were  deposited 
almost  exclusively  in  the  grit  chamber. 

VOLUME   OF   SLUDGE  DEPOSITED. 

In  the  following  table  there  are  presented  in  summarized 
form  data  to  show  the  average  volume  of  sludge  deposited  in  the 
plain  settling  tanks  per  million  gallons  of  sewage  treated. 

Volume  of  Sludge  Deposited, 


Plain  Settling  Tank 


Period  in  Service,  1904-5 


Times  cleaned 

Total  amount  of  Sewage  treated  — ^  mil- 
lion g-allons i , . . 

Average    velocity  of    flow  —  m.m.   per 
second 

1  ■  . 

Approximate  period  of  flow  —  Hours 

Per  cent,  of  suspended  matter  (     Total 
in  applied  sewage  which  was-!  Volatile 
deposited  in  settling  tanks     (Mineral 

'Tons  of  sludge  (  Wet ............ 

deposit  per     ■<  Dry  . .  j  Total 

million  gallons  (  Solids  }  Volatile 

Cubic  yards  wet  jsludge  per  million  gal- 
loils  t ..;... * . . .  • 

Per  cent,  water  in  wet  sludge 

Per  cent*  volatile  matter  in  dry  solids 

Combined  sludge  deposit  in  grit  cham- 
bers and  in  plain  settling  tanks — cubic 
yards  per  million  gallons 

»■    ■         ■    ■  ■         ■..■■■.,■■.■■ 


Aug.  16 

to 
June  30 


16 

15.8 

0.42 

8.0 

47 
47 
53 

2  97 
0.36 
0.15 

3,3 
88 

42 

5.6 


Nov.  18 

to 
Apr.  28 


8.1 

0.42 
8.0' 

I 

51 
48 
49 

3.29 
0.38 
0.17 

3.7 
89 
46 

5.8 


B 


Nov.  22 

to 
Apr.  18 


9.8 

0.56 

6.0 

46 
41 
50 

3.22 
0.33 
0.16 

3.7 
90 
48 

5.8 
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^  COMPOSITIQN  OF  THE  SLUpeEJ  pEPOSIT, 

In  the  following  table  there  are  presented  the  average 
results'  of  analysis  of  15  Samples  of  sludge  collected  during  the 
tests  from  Plain  Settling  Tank  A :  *       •  > 

Average  domposition  of  Sludge  lieposit 
^n  Plain  Settling  Tank  A. 

Constituent  Kesults  Given  in  Percentages  by  Weigfhtof  Wet  Sludge. 


Weig-ht  of  wet  sludge  per  cubic  yard  —  pounds 

ispecific  gravity  .... .  k .  .*. .  i, . : .  i  v .  .• ' . ... . . .  i . . . . ...... .' . : . . . . 

Water   ...|.j^., »..' ....',.  ..(v*. *•••*'  .*•< 

Solids 4 . . 

Volatile  matter. .... ....  ♦»;.,,,. ... ;.,... ; . . . ..,.,'. 

Nitrogen :•.•••  1 

Jrpn  (Fe) , ..u ..........  ^    , * ,, 

Ferrous  sulphide  (FeS)  .....■:....:....:........  1 ... . . . . 

Ironlnotassttlpfaide)  -'■    •  :■■■.■>•'■ 


Bacteria  per  gram, of  .wet     j  Total  t^umbers 
sludge — millions.'. . . . .  "j  Gas  formers  . . 


1,780 
1.053 

87.7 

12.3 
4.9 
0.22 
'1.42 
0.31 
0.14 
0.22  ; 
390.0 

21.0 


Note:  Apropros  of  the  question  ot  g-rpwth^  iii  tiie- plain  settling'  tanks, 
attention  is  called  to  the  fact  that  as  shown  by  the  above  analyses  the  total  number 
of- bac;.eria  in  the  studg-e  deposited  in -Plain  Settliajsr  Tank  A  were  30  per  cent;  in 
excess  of  those  found  in  the  grit  chamber  sludge,  and  the  number  of  gas  formers 
75-  per  cent,  in  excess. 


Section  3. 


SPECIAL   STUDIES   OF    PLAIN    SEPIMENTATION    IN   A 
TANK  TWO  HUNDRED  FEET  LONG'.        " 

During  the  month  of.  July  certain  of  the  rectangular  tanks 
were  remodelled  by  cutting  through  the  party  walls  at.  alternate 
ends  of  the  tanks,  so  that  a  total  length  of  travel  of  200  feet 
could  be  obtained.  The  effective  cross-section  in  this  remodelled 
tank  was  56  square  feet,  the  width  of  the  tank  being  8  feet  arid 
the  depth  of  the  liquid  7  feet.  The  area  of  the  openings  in  the 
party  wall^  through  which  the. sewage  passed  from  one  tank  to: 
the  other  was  also  56  square  feet*         .  .  ^:> 

7. Screened. sewagfe  "Was  applied  at  the  inlet  of  the  first  tank 
thiK^gha  6^inch  pipp,  sitwt^d  .1,25.  feet  below  the.  water  levdr 
in  tlie  tank,  and  2.5  feet  from  or^e  §ide.  A  baffle  2  feiCt  by  2  f ^etj 
was  placed  directly  in  front  of^tfe^  inlet  discharge.  At  the  out^ 
let  the  discharge',  was  measured -by  :mea^  of  ^ a  triangular  weir. 
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Hook-gage,  readings  were  taken  at  this  point  at  half -hourly  in- 
tervals. No  eddies  nor  other  disturbances  were  noted  in  this  tank 
at  any  point  during  the  test. 

This  tank  was  continuously  operated  for  72  consecutive 
hours,  under  a  velocity  of  flow  of  4  m.  m.  per  isecond  (48  feet 
per  hour),  and  samples  were  collected  at  half -hourly  intervals 
from  the  influent,  at  40-foot  (0.83-hour  period  of  flow)  in- 
tervals from  the  inlet,  and  at  the  <)utlet  weir,  respectively.  Three 
times  in  each  24  hours,  the  various  half -hourly  portions  from 
each  sampling  point  for  the  preceding  8  hours  were,  mixed 
for  analysis.  In  collecting  the  samples  at  the  various  points 
due  time  allowance  was  made  for  the  travel  pf  the  sewage  from 
the  inlet  to  the  sevei^al  sampling  stations. 

At  the  several  stations  samples  were  collected  at  the  regular 
half -hourly  intervals  from  three  points  distant  beneath  the  sur- 
face  1  foot,  3.5  feet  and  6  feet,  respectively.  These  saanples 
were  mixed  for  analysis  as  described  above. 

Efficiency  of  the  Tank  at  Different  Depths, 

The  results  obtained  during  these  experiments  showed  no 
great  difference  in  the  suspended  matter  of  the  sewt),ge 
at  the  different  depths  as  it  flowed  through  the  tank.  There 
seemed  to  be,  however,  an  appreiciable  diminution  in  the 
amount  of  suspended  matter  as  the  bottom  layers  of  the  liquid 
were  approached.  This  indicated  a  probable  aggregatiofi 
-of  the  particles  as  they  traversed  the  depth  of  the  liquid,  where- 
by their  respective  hydraulic  subsiding  values  were  increased, 
and  their  deposition  accelerated  correspondingly. 
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Removal  of  Suspended  Matter  by  Sedimentation, 
Besvlts  to  Show  Removal  at  Different  Depths. 


H 

Period  of  Flow- 
Hours 

SUSPENDED  MATTER 

Temper- 
ature 

Dbg.  F. 

Parts  Per  • 
Million 

Per  Cent.  Removed 

For  Each  40  Feet 
OP  Travel 

Total 

5^ 

Inf. 

Eff. 

A 

B 

C 

Av. 

A 

B 

C 

Av. 

A 

B 

C 

Av. 

Ju/y  11,  8  A.  M.   to  July  12,  8  A.  M. 


0 

0.0 

71 

149 

149 

149 

149 

40 

0.8 

— 

— 

110 

109 

107 

109 

80 

1.7 

— 

84 

91 

86 

87 

120 

2.5 

72 

82 

72 

77 

160 

3.3 

— 

78 

65 

75 

73 

200 

4.2 

1 

-1  67 

73 

7u 

70 

W 

eir 

72 

1  68 

— 

68 

26 

27 

28 

27 

26 

27 

28 

27 

18 

12 

14 

15 

44 

39 

42 

42 

8 

6 

10 

6 

52 

45 

52 

48 

0 

11 

0 

3 

48 

56 

50 

51 

3 

0 

0 

2 

55 

51 

50 

53 

— 

54 

Jaly  12,  8  A.  M,  to  July  13,  8  A,  M, 


0 

0.0 

70  1 

— 

196 

196 

196 

196 

40 

0.8 

108 

125 

110 

114 

80 

1.7 

— 

— 

90 

100 

100 

97 

120 

2.5 

— - 

87 

87 

77 

84 

160 

3.3 

_- 

•  — 

86 

85 

75 

82 

200 

4.2 

85 

76 

63 

75 

W 

eir 

— 

71 

72 

— 

— r 

72 

45 

36 

44 

42 

45 

36 

44 

42 

9 

13 

5 

9 

54 

49 

49 

51 

2 

7 

12 

6 

56 

56 

61 

57 

0 

1 

1 

1 

56 

57 

62 

58 

1 

4 

6 

4 

57 

61 

68 

62 

-— 

63 

— 

— 

July  13,  8  A.  M.  to  July  14,  8  A.  M. 


0 

40 

80 

120 

160 

200 


0.0 
0.8 
1.7 
2.5 
3.3 
4.2 


Weir 


70 


71 


318 
89 
65 
70 
66 
61 
55 


318 
114 
78 
68 
65 
60 


318 
108 

73 
59 

58 

54 


318 

-_ 

104 

72 

63 

66 

67 

72 

63 

66 

67 

72 

8 

12 

11 

10 

80 

75 

77 

77 

66 

0 

4 

4 

2 

78 

79 

81 

79 

63 

0 

1 

1 

1 

79 

80 

82 

80 

.58 

1 

1 

1 

2 

81 

81 

83 

82 

55 

— 

83 

— 

— 

Notes— "A"  Samples  collected  at  a  point  1  foot  beneath  snrface. 

*^  B  "  Samples  collected  at  a  point  3.5  feet  beneath  surface. 

"  C  "  Samples  collected  at  a  point  6  feet  beneath  surface,!  foot  from  bottom. 

*'At.'*  equals  averag-e  of 'samples  at  the  three  depths. 

Relative  Proportions  of  Volatile  and  Mineral  Matter  in 
the  Applied  Sewage,  and  the  Effect  on  the 

Results  Obtained, 

In  the  next  table  average  results  are  given  to  show  the 
relative  amounts  of  total  volatile  and  mineral  suspended  matters 
present  in  the  applied  sewage  during  the  three  periods,  (day, 
night  and  morning)  of  the  three  days  of  the  experiment,  when 
the  sewage  may  be  designated  as  strong,  medium  and  weak, 
respectively.  Following  this  are  tables  which  show  the  per- 
centage removal  of  total  and  volatile  suspended  matter  during 
each  period  of  the  24  hours. 
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The  results  referred  to  show  with  considerable  clearness 
that,  during  the  three  days  of  the  test,  the  rates  of  subsidence 
of  the  suspended  matters  in  the  sewage  varied  inversely  as  the 
percentage  of  volatile  matter. 

Relative  Proportion  of  Volatile  to  Total  Siuspended 
Matter  in  Strong,  Medium  and  Weak  Sewage. 


Date                          KiViH  OF 
iQi«                      Suspended 
^^^                         Matter 

PARTS    PER    MIi;.LION 

Aver- 

Strong- 

Medinm 

Weak 

age 

11  f^  19    -^Volatile 

11  to  1^     ^  p^j.  ^.^^^    Volatile. . 

215 
113 

54 

133 
67 
50 

98 
34 

3i5 

167 

71 
48 

T   ,         (  Total 

348 

178 

51 

184 
84 
46 

57 
27 
47 

196 

12tol3    iVolatile 

iz  to  1^    ^  p^^  ^^^^    Volatile. . 

96 
49 

J   ,          f  Total 

318 

124 

39 

129 
70 

54 

53 
26 
50 

167 

.^^^..    1  Volatile 

73 

1.5  to  14     j^  p^^  ^^^^    Volatile. . 

44 
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Results  Showing  Bemovalshy  Sedimentation  of  Total 

Suspended  Matter  in  Strong,  Medium 

and  Weak  Sewages. 


•a 

Pbriod  of -Flow- 
Hours 

TOTAI,  SUSPENDED  MATTER   . 

fa 
8.1 

Tbmpbr- 

ATURB 

Dbg.  F. 

Parts  Pbr 
'  Million 

Pbr  Cbnt.  Rbmoved 

For  Each  40  Fbbt 
OF  Travel 

• 

Total 

T 

Inf. 

Eff. 

A 

B 

C 

Av. 

A 

B 

C 

Av. 

A 

B 

C 

Av. 

</!///  11,  8  M.  M.  to  July  12,  8  A.  M. 


0 

0.0 

71 

215 

133 

98 

149 

40 

0.8 

— 

144 

104 

78 

109 

80. 

1.7 

— 

114 

87 

60 

87 

120 

2.5 

96 

79 

57 

77 

160 

3;3 

— ^ 

_- 

89 

65 

64 

73 

200 

4.2 

— 

84 

63 

64 

70 

W 

eir 

72 

85 

54 

64 

61 

33 

22 

20 

27 

33 

22 

20 

27 

14 

12 

19 

15 

47 

34 

39 

42 

8 

6 

3 

6 

55 

40 

42 

48 

4 

11 

0 

3 

59 

51 

35 

51 

2 

1 

0 

2 

61  . 

52 

35 

53 

^ 

60 

52 

34 

59 

July 

12, 

8  M. 

M. 

to  July  13,  8  M.  M. 

-  0 

[0.4) 

7X) 

.-»».. 

348 

184 

57 

196 

— 

^—  ~ 

—, 

— 

.._  . 

— 

40 

0.8 

. — 

179 

120 

44 

114 

49 

35 

23 

42, 

49 

35 

23 

80 

1.7 

. 

143 

97 

43 

97 

10 

12 

2 

9 

59 

47 

25 

120 

2.5 

■ — 

123 

88 

40 

84 

6 

5 

5 

6 

65 

52 

30 

160 

3.3 

—' 

' — 

113 

81 

48 

82 

2 

4 

0 

1 

67 

56 

16 

200 

4.2 

— 

■  — 

106 

73 

46 

75 

3 

4 

0 

4 

70 

60 

19 

W 

eir 

71 

97 

71 

49 

72 

— 

— 

— 

— 

72 

61 

14 

July  13,  8  A.  M.  to  July  14,  8  M.  M. 


0 

40 

80 

120 

160 

200 


0.0 

70 

318 

129 

53 

167 

0.8 

— 

166 

94 

51 

104 

1.7 

-— 

— 

98 

77 

41 

72 

2.5 

84 

66 

47 

66 

3.3 

— 

— 

85 

61 

43 

63 

4.2 

— 

78 

54 

44 

59 

eir 

— 

71 

68 

50 

46 

55 

42 
51 
57 
58 
62 
63 


42 

27 

4 

38 

42 

27 

4 

38 

27 

13 

19 

19 

69 

40 

23 

57 

5 

9 

0 

3 

74 

49 

8 

60 

0 

4 

0 

2 

73 

53 

19 

62 

2 

5 

0 

3 

75 

58 

17 

65 

79 

61 

13 

67 

Note:    A,  8  A.  M.-4  P.  M.     B,  4  P.  M.-12  P.  M.     C.  U  P.  M.-8  A.  M. 
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Results  Showing  Removals  by  ^Sedimentation,  of  Volatile 

Suspended  Matter  in  Strong,  Medium 

and  Weak  Sewages. 


s 

H 

Period  of  Flow- 
Hours 

) 

VOLATILE  SUSPENDED  MATTER 

Si 

Temper- 
ature 

Dbg.  F. 

Parts  Pbr 
Million 

Per  Cent.  Removed 

NOTH 
RAVB] 

For  Each  40  Pebt 
of  Travel 

Total 

T 

Inf. 

Eff. 

A 

B 

C 

Av. 

A 

B 

C 

Av. 

A 

B 

C 

Av. 

July  11,  8  M.  M,   to  July  12,  8  M,  M. 


0 

0.0 

71 

113 

67 

34 

71 

40 

0.8 

— 

— 

80 

60 

28 

56 

80 

1.7 

65 

54 

25 

48 

120 

2.5 

55 

47 

25 

43 

160 

3.3 

— 

54 

^0 

,30 

41 

200 

4.2 

— 

<  '.  ■  '■ 

51 

31 

30 

37 

W( 

eir 

72 

64 

28 

32 

38 

29 

10 

18 

21 

29 

10 

18 

21 

14 

9 

8 

11 

43 

19 

26 

32 

8 

11 

0 

7 

51 

30 

26 

39 

1 

10 

0 

3 

52 

40 

12 

42 

3 

14 

0 

7 

55 

54 

12 

49 

1 

52 

58 

6 

49 

■  . 

July 

12, 

8  A: 

M.  to  July  13, 

8  A 

^mm 

1 

■ 

, 

0 

0.0 

70 

178 

84  . 

27 

96 

— 

— - 

-r- 

— 

40 

0.8 

79 

57 

24 

53 

56 

Z2 

11 

45 

56 

32 

11 

80 

1.7 

'71 

47 

24 

47 

4 

12 

0 

6 

50 

44 

11 

120 

?.5 

— 

65 

.43 

25 

44  . 

3 

5  . 

0 

3 

63 

49 

7 

160 

3.3 

— 

67 

37 

27 

44 

0 

7 

0 

0 

62 

56 

0 

200 

4:2 

63 

35 

24 

41 

•  3 

2 

0 

3 

65 

58 

11 

.w< 

eir 

— 

71 

51 

33 

30 

38 

— 

71 

60 

0 

July  13,  8  M.  M.   to  July  14,  8  M,  M. 


0 

0.0 

70 

■ 

124 

70 

26 

73 

40 

0.8 

•-.. 

^— ' 

.82 

50 

22 

51 

80 

1.7 

— i 

— 

54 

39 

22 

,38 

120 

2.5 

44 

33 

25 

34 

160 

3.3 

— 

,--. 

>44 

31 

22 

32 

200 

4.2 

— 

45 

24 

24 

31 

W< 

eir  1 

•  ^- 

71 

44 

30 

30 

35 

45 
51 

64 
54 
57 
60 


34 

29 

IS 

30 

34 

29 

15 

30 

22 

15 

0 

18 

56 

44 

15 

48 

9 

7 

0 

5 

65 

51 

4 

SZ 

0 

5 

0 

3 

65 

56 

15 

56 

0 

10 

0 

2 

64 

66 

8 

58 

• 

'    < 

_: 

[  65 

57 

0 

52 

Note.— »'A,"  8  A.  M.,  4  P.  M.    "  B,"  4  P.  M.,  12  P.  M.    **  C,"  12  P.  M.,  8  A.  M. 
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Average  Removals  of  Total  Suspended  Matter  in 

Strong,  Medium  and  Weak  Sewages, 

July  11-14,  1905, 


SUSPENDED    MATTER 

Kind 

OF 

Sewage 

Parts  Per  Million 

Per  Cent.  Removed 

Feet  op  Travel 

0 

40 

80* 

120 

160 

200 

40 

80 

120 

160 

200 

Stroncf 

294 

142 

69 

163 
106 

58. 

118 
87 
48 

101 

78 
48 

96 
69 

52 

89 
63 
51 

45 
25 
16 

60 
39 
30 

66 
45 
30 

67 
51 

25 

70 

Medium 

Weak 

56 
26 

Averag-e. , 

168 

109 

84 

76 

72 

68 

35 

50 

55 

57 

60 

From  the  above  results  it  is  seen  that  the  average  amount  of 
<5olloidal  matter  in  the  effluent  of  the  settling  tank  was  about  68 
parts  per  million,  or  40  per  cent,  of  the  total  suspended  matter 
in  this  particular  applied  sewage.  This  colloidal  matter  was 
about  evenly  divided  between  volatile  and  mineral  matter. 

It  is  obvious  that  in  practice theperiod  of  subsidence  required 
for  the  removal  of  the  maximum  economical  percentage  of  the  sus- 
pended matter  is  longest  when  the  strong  sewage  is  under  treat- 
ment. It  seems  to  be  sufficiently  clear  that  during  storm  flows,  the 
proportion  of  mineral  to  volatile  suspended  matter  will  be  much 
higher  than  normally,  and  due  to  this  fact  the  rate  of  subsidence 
of  the  particles  of  suspended  matter  will  probably  be  greater, 
owing  to  their  higher  specific  gravity.  During  the  night  period, 
say  4:00  P.  M.  to  12:00  P.  M.,  the  suspended  matter  contained 
in  the  crude  sewage  is  only  about  one-half  that  of  the  day  flow, 
S  :00  A.  M.  to  4 :00  P.  M.  The  rate  at  which  the  suspended  mat- 
ter in  the  weaker  sewage  subsides  is  much  lower  than  that  in  the 
•case  of  the  strong  day  sewage,  and  after  subsidence  for  a  period 
of  time  sufficient  for  the  removal  of  the  economical  percentage 
of  the  suspended  matter  in  the  day  sewage,  the  residual  amount 
of  suspended  matter  in  the  weak  sewage  is  less  than  that  in  the 
strong  sewage,  although  the  removal  is  much  less.  This  point  is 
even  more  strongly  emphasized  in  the  case  of  the  morning 
sewage,  12:00  P.  M.  to  8:00  A.  M.     It  would  seem,  therefore, 
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that,  within  certain  limits,  it  is  much  better  to  consider  the* 
amount  and  character  of  residual  suspended  matter  in  the 
effluent  of  settling  tanks,  rather  than  the  percentage  of  such 
matters  removed  by  them. 

It  is  of  course  to  be  remembered  that  these  results  were 
obtained  under  practically  ideal  conditions,  where  factors  such 
as  temperature  changes,  wind  action  and  abnormal  currents  did 
not  come  into  play.  In  actual  practice  on  a  large  scale  such 
features  as  these  merit  the  most  serious  consideration,  and  the 
limits  here  described  above  should  properly  be  extended  to  a 
material  degree,  to  guarantee  satisfactory  results  at  all  times, 
and  under  all  conditions.  What  is  said  above  applies  to  settling 
tanks.  In  the  case  of  septic  tanks  there  are  additional  reasons 
tanks.  In  the  case  of  the  septic  tanks  it  is  very  desirable  to 
provide  ample  space  for  sludge  accumulation  and  proper  protec- 
tion of  the  outlet  from  sludge  disturbances. 


Section  4. 

SEPTIC  TREATMENT. 

Studies  of  the  efficiency  of  the  septic  treatment  under  local 
conditions  were  conducted  in  five  tanks,  designated  A,  B,  C,  D 
and  E,  all  of  which,  with  the  exception  of  Septic  Tank  E,  re- 
ceived throughout  the  tests  the  effluent  of  the  grit  chamber. 
Septic  Tank  E  was  fed  direct  from  the  screen  chamber  through- 
out the  period  of  its  operation  of  this  tank. 

Bectangular  Tanks,  The  first  three  named  tanks  were 
rectangular  in  plan,  40  feet  long  by  8  feet  wide  in  each  case. 
The  relation  of  length  to  depth  in  these  tanks  was  about  5  to  1  in 
each  case,  and  the  effective  capacity  of  each  was  about  17,000 
gallons.  All  of  these  tanks  were  uncovered  and  were  supplied 
with  suitable  scum  boards,  <b)it,wre  not  baffled.  , 

Tanks  A  and ,  B  we^-^  ofi^c.ially  started  for  tjie  fii!st  time  on 
August  16_,  1904,  a»d  ep^tim^ed.in  service  until  September  2-3, 
1904,  when,  owing  to  lef^Jis.  ii;!.  the  .tanks,  it  was  necessary  to 
suspend  operations  temporarily  for  repairs.     The  sludge  was. 
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at  that  time  moved  from  both  tanks,  and,  therefore,  it  is  proper 
to  consider  these  tanks  as  having  first  gone  into  regular  service 
on  September  2-3.  'From  that  date  until  June  30,  no  sludge  was 
removed  from  either,  and  operating  procedures  in'  all  other  re- 
spects were  normal.  Up  to  November  22,  1904,  the  respec- 
tive periods  of  flow  in  Tanks  A  and  B  -were  8  and  16  hours, 
and  the  velocities  of  flow  .42  and  .21  m.  in.,  per  second 
(5.0  and  2.5  feet  per  hour),  respectively.  From  November  22, 
1904,  until  the  close  of  the  tests  on  June  30,  1905;  the  respective 
periods  of  flow  in  these  tanks  were  16  and  24  hours,  and  the 
velocities  of  flow  .21  and  .14  m.  m.  per  second  (2.5  and  1.7  feet 
per  hour),  respectively.  In  no  case  were  the  periods  and 
velocities  of  flow  subject  to  material  variation  during  the  tests 
except  as  above  outlined. 

Circular  Tank.  Septic  Tank  D  was  a.  wooden  tank,  circular 
in  plan,  12.5  feet  in  diameter  and  with  an  effective  depth  of  5.5 
feet.  It  was  so  baffled  that  the  total  length  of  travel  was  40 
feet.  The  ratio  of  length  to  depth  was,  therefore,  about  7.3  to 
1.    The  effective  capacity  of  this  tank  was  about  5,370  gallons. 

This  tank  was  located  in  the  East  Gallery,  and,  therefore, 
under  cover  and  protected  against  extreme  cold  weather.  It 
was  first  started  on  February  18,  1905,  and  continuously  oper- 
ated until  June  30,  1905.  The  period  of  flow  during  this  period 
was  4  hours  and  the  velocity  of  flow  0.84  m.  m.  per  second 
(10.1  feet  per  hour).  The  period  and  velocity  of  flow  were 
practically  constant  throughout  the  tests. 

Cylindrical  Tank.  Septic  Tank  E  was  a  boiler  shell 
15  feet  long  by  6  feet  in  diameter.  It  was  air-tight  with  a  0.5- 
inch  gas  pipe  which  led  to  a  meter,  the  outlet  of  which  was 
trapped.  The  effective  depth  of  this  tank  was  5  feet,  and  its 
capacity  7,200  gallons.  The  ratio  of  length  to  depth  in  the  case 
pf  this  tank  was  3  to  1. 

Septic  Tank  E  was  first  started  on  March  4,  1905,  and 
was  continuously  operated  until  June  30,  1905.  The  period  of 
flow  during  this  period  was  8  hours,  and  the  velocity  of  flow 
0.14  m.  m.  per  second  (1.7  feet  per  hour). 
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RESULTS  ACCOMPLISHED  BY  THE   SEPTIC   TANKS. 

Detailed  results  of  analyses  referring  to  the  five  septic 
tanks  are  to  be  found  in  the  appendices.  In  the  following  tables 
aye  presented  summarized  results  to  facilitate  discussion  of  the 
salient  features  relating  to  the  treatment  of  sewage  in  septic 
tanks. 

Results  of  ATwlyses, 

In  the  following  tables  are  given  the  average  monthly  re- 
sults of  analyses  of  samples  of  the  influents  and  effluents  of  the 
five  septic  tanks: 
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Percentages  of  Removal  by  the  Septic  Tanks  of  the  Several 
Constituents  of  the  Applied  Sewage, 

In  the  next  table  there  is  shown  the  degree  of  purification 
effected  by  the  five  septic  tanks  expressed  as  percentages  of 
removal  of  the  several  constituents  contained  in  the  applied 
sewage.  The  average  results  are  also  referred  back  to  the  crude 
sewage,  and  show  the  combined  efficiency  of  the  grit  chamber 
and  the  septic  tanks  in  the  case  of  those  tanks  which  received 
the  effluent  of  that  chamber. 


Percentages  of  Removal  of  the  Several  Constituents  of  the 
Applied  Sewage  Effected  by  the  Septic  Tanks, 


M         CO 

CO 

l-s 

tfa  H 
0  1-3 

Percentage   Removai. 

^p  fa 

°^ 

s^^s 

m3 

1 

1 

Month 

w  ^  < 

gcS 

Nitrogen  as 

Suspended  Matter  | 

Is 

Ox- 
ygen 

1 

1 905-5 

Bac- 

h2> 

Con- 
sumed 

Or- 
ganic 

Free 
A  m- 

Total 

Vola- 
tile 

Min- 
eral 

teria 

O  h< 

0^ 

monia 

h 

H 

Septic  Tank  A - 

, 

August. . . . 

72 

3 

18 

-12 

-8 

59 

60 

75 

— 

September. 

120 

6 

28 

32 

6 

54 

41 

65 

17 

October.   . . 

312 

13 

23 

35 

0 

56 

48 

60 

-29 

November . 

288 

12 

15 

12 

-6 

51 

52 

51 

-71 

December.. 

312 

13 

16 

7 

3 

42 

44 

40 

-233 

January. , . 

312 

13 

31 

18 

-3 

48 

55 

38 

-233 

February.. 

288 

12 

16 

19 

-7 

32 

47 

19 

-476 

March 

312 

13 

17 

14 

-8 

47 

47 

48 

-331 

April 

% 

4 

6 

25 

-21 

56 

62 

53 

-^33 

May 

96 

4 

-3 

30 

-23 

67 

80 

64 

-104 

June 

96 

4 

18 

19 

-5 

S3 

15 

67 

-162 

Average. 

2304 

% 

19 

19 

-3 

50 

48' 

51 

-90 
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Percentages  of  Removal  of  the  Several  Constituents  of  the 
Applied  Sewage  Effected  hy  the  Septic  Tanks. 


Total  Number  Por- 
tions MAKING  UP 
Average  Samples 

Total  Number  of 
Average  Samples 

Percentage  Removai. 

Month 

Ox- 
ygen 
Con- 
sumed 

Nitrogen  as 

Suspended  Matter 

1904-5 

Or- 
ganic 

Free 
Am- 
monia 

Total 

Vola- 
tile 

Min- 
eral 

Bac- 
tbria 

Septic  Tank  B- 

August 

September. 

October 

November . 
December.. 
January.. . 
February.. 

March 

April 

May 

June 

Average. 


72 

3 

45 

12 

-4 

68 

71 

68 

120 

5 

30 

38 

-1 

51 

42 

65 

312 

13 

25 

29 

-2 

63 

60 

64 

288 

12 

24 

11 

-5 

-6 

5 

-18 

312 

13 

16 

22 

7 

51 

51 

51 

312 

13 

27 

15 

-1 

59 

62 

53 

288 

12 

18 

21 

-5 

45 

51 

40 

312 

13 

26 

19 

-12 

60 

60 

59 

96 

4 

17 

26 

-21 

63 

65 

61 

96 

4 

-12 

18 

-27 

49 

32 

54 

96 

4 

18 

25 

-13 

62 

82 

54 

2304 

95 

23 

21 

-3 

51 

50 

50 

-8 
4 
-129 
-233 
-275 
-718 
-392 
-512 
-100 
-138 

-105 


Septic  Tank  C- 

November 
December 
January. 
February 
March.; . 

Apri 

May 

June 


Average 


72 

3 

20 

28 

6 

56 

55 

57 

336 

14 

14 

17 

10 

48 

44 

51 

384 

16 

13 

19 

-1 

35 

33 

37 

336 

14 

11 

15 

5 

38 

28 

48 

384 

16 

23 

19 

-2 

57 

51 

61 

168 

7 

24 

27 

-11 

61 

50 

62 

192 

8 

6 

12 

-29 

40 

28 

48 

120 

5 

0 

7 

-23 

15 

11 

16 

1992 

83 

16 

19 

-1 

46 

40 

49 

-147 

-31 

-50 

-241 

-157 

-356 

-93 

-94 

-106 


Septic  Tank  D- 

February.. 

March 

April 

May 

June 

Average. 


72 

3 

20 

17 

11 

48 

57 

44 

312 

13 

26 

22 

0 

46 

45 

48 

96 

4 

17 

17 

-3 

47 

38 

52 

96 

4 

12 

23 

-9 

42 

42 

42 

96 

4 

-12 

-6 

-17 

16 

8 

19 

672 

28 

18 

17 

-2 

42 

39 

42 

-304 
-192 
-195 

-45 
-45 

-130 


Septic  Tank  £- 

March 

April 

May 

June 

Average. 


240 

10 

27 

23 

-5 

60 

49 

68 

96 

4 

35 

34 

-3 

65 

63 

65 

96 

4 

42 

19 

-9 

57 

56 

56 

96 

4 

-2 

11 

-34 

26 

0 

35 

528 

22 

24 

22 

-9 

55 

48 

59 

-21 
-126 
-24 
-63 

-50 
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Percentages  of  Removal  of  the  Several  Constituents  of  the 

Applied  Sewage  Ejected  by  the  Septic  Tanks. 

(Averages  by  comparable  periods.) 
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41 
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A 
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June  30 

4  ( 

■^:i 
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3S 

42 

-108 
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8-0 

22 

' 

48 

bU 

-  60 

Percentages  of  Removal  by  Comparable   Periods    Referred 

to   Crude  Sewage.     Combined  Efficiency  of  the 

Grit  Chamber  and  Septic  Tanks. 
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GENERA.L  COMMENTS  ON  THE  EFFICIENCY  OF  THE 

SEPTIC    TANKS. 

Uniformity  of  Flow.  So  far  as  is  known  no  material  dis- 
turbances were  introduced  by  unequal  rates  of  flow  through  the 
basins. 

Time  Required  for  Septic  Action  to  Become  Established, 
There  is  little  doubt  that  septic  action  in  the  sludge  of  a  septic 
tank  begins  very  soon  after  the  deposition  of  the  suspended  mat- 
ter and  the  exhaustion  of  the  available  oxygen.  The  time  re- 
quired for  such  action  to  become  well  established  depends 
largely  upon  the  temperature  of  the  sewage,  although  the  com- 
position of  the  sewage  is  a  factor  of  some  importance.  Assuming 
that  the  first  pronounced  and  continued  ebullition  of  gas  in  a 
septic  tank  is  a  reliable  indication  of  the  establishment  of  septic 
action,  the  following  tabulated  statement  will  give  some  idea  of 
this  question  as  observed  during  the  tests: 

Time  Required  for  Septic  Action  to  Become  Established. 


TAifK 

Regular 

Operation 

Began 

1904-5 

Number  of  Days 

Before  Gas 

Evolution  was 

Noted 

Temperature 

of  bewage 

during 

Period 

A 
B 
C 
D 

September  3 

September  2 

November  22 

February  18 

March  4 

8 

8 

11 

15 

17 

71 
71 
57 
46 
49 

As  to  the  question  whether  septic  action  was  fully  matured 
at  the  time  the  above  statements  indicate  it  to  have  become 
established,  the  data  are  not  wholly  conclusive ;  generally  speak- 
ing, however,  it  is  believed  that  these  periods  indicate  ordinary 
maturity,  although  it  is  true  that  at  intervals,  especially  in  the 
spring,  in  tanks  containing  much  sludge,  septic  action  became 
unusually  active. 

Non-Formation  of  a  Surface  Scum,  In  no  instances  was 
"there  a  well  defined  scum  formation  regularly  on  the  surface  of 


y 
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any  of  the  septic  tanks,  although  during  periods  of  unusual  gas 
ebullition  quantities  of  sludge  would  be  brought  to  the  surface 
and  a  spongy  mat  several  inches  thick  thus  formed.  In  all  cases 
this  mat  slowly  broke  up  and  again  fell  to  the  bottom  of  the  tank 
within  a  few  days  after  its  appearance. 

Amount  of  Gas  Evolved  in  Septic  Tank  E,  Septic  Tank  E 
was  a  gas-tight  iron  cylinder.  From  the  top  of  the  shell  a  0.5- 
inch  gas  pipe  led  to  a  wet  gas  meter  with  a  trapped  outlet. 
Crude,  unscreened  sewage  was  permitted  to  flow  through  this 
tank  at  such  a  velocity  that  the  contents  of  the  tank  were  dis- 
placed once  in  8  hours.  The  tank  was  continuously  operated 
from  March  4  to  June  30,  1905.  The  amounts  of  gas  evolved 
during  this  period  are  shown  in  the  following  table  of  sum- 
marized results: 

Evolution  of  Gas  in  Septic  Tank  E, 

(Period  of  Flow  8  Hours) 


Month 
1905 

Average 
Tpmperature  of 
Applied  fcjewage 

Deg.  F. 

Average  Quantity 

of  Gas 

Evolved  Daily. 

Cubic  Feet. 

Percentage  which 

Gas  was  of 

Volume  of  Sewage 

Treated 

March 

April 

May 

June 

51 
58 
61 
66 

29 
14 
41 
50 

•       3.1 

1.5 
4.4 
7.0 

Effect  of  Gas  Ebullition  on  Subsiding  Efficiency,  Little 
precaution  was  taken  in  the  constructional  features  of  the  septic 
tanks  at  the  testing  station  to  prevent  the  escape  of  sludge  into 
the  outlet  of  the  tanks.  Scum  boards  were  set  at  10-foot  intervals 
in  all  of  the  open  tanks,  but  inasmuch  as  no  typical  scum  formed 
upon  any  of  these  tanks  they  were  really  uncalled  for. 

The  periods  of  greatest  bacterial  activity  in  the  septic  tanks 
occurred  near  the  end  of  the  tests,  namely,  in  May  and  June, 
when  the  temperature  of  the  applied  sewage  was  comparatively 
high.  In  November  Septic  Tank  B  showed  evidences  of  unusual 
septic  activity,  and  for  a  few  days  in  March  the  evolution  of  gas 
in  Septic  Tank  A  was  unusually  voluminous.  During  the  last 
two  months  of  the  tests  all  of  the  tanks  were  generally  active, 
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and  at  all  such  times  the  effluents  showed  a  material  deterior- 
ation on  account  of  the  abnormal  quantities  of  suspended  mat- 
ter which  escaped  in  the  effluents.  The  source  of  this  suspended 
matter, .  of  course,  was  the  sludge  which  was  brought  to  the 
surface  by  the  rising  gas  bubbles,  and  carried  into  the  outlet. 
Except  at  such  times,  even  though  in  all  the  tanks  a  gentle,  but 
continuous  ebullition  of  gas  was  constantly  going  on,  the  subsid- 
ing efficiency  of  the  septic  tanks  was  in  all  ways  favorably  com- 
parable with  that  of  the  plain  settling  tanks.  When  the  tests  were 
brought  to  a  close  all  of  the  tanks,  except  Septic  Tanks  D  and  E, 
had  passed  through  an  unusually  active  period  during  which  the 
accumulation  of  the  winter's  sludge  had  been  thoroughly  worked 
over,  and  had  returned  to  their  normal  state  where  a  gentle 
ebullition  of  gas  was  constantly  noted.  The  two  tanks  men- 
tioned above  were  first  started  early  in  the  year,  and  were  in  the 
midst  of  a  very  active  septic  period  when  shut  down. 

Properly  designed  tanks,  wherein  ample  provision  is  made 
to  prevent  the  sludge  from  moving  to  the  extreme  outlet  end  of 
the  tank,  and  where  all  reasonable  precaution  is  taken  to  exclude 
the  sludge  from  the  outlet  at  times  when  the  ebullition  of  gas 
is  particularly  violent,  would  result  in  more  satisfactory 
results  than  it  was  possible  to  obtain  in  tanks  of  the  simple  de- 
sign used  in  these  tests.  The  effect  of  violent  gas  ebullition 
upon  the  subsiding  efficiency  of  the  septic  tanks,  and  the  entirely 
satisfactory  results  normally  obtained,  are  shown  in  the  follow- 
ing table  of  average  results,  in  which  the  results  obtained  with 
Plain  Settling  Tank  A  are  also  included  for  the  purpose  of  com- 
parison. These  results  do  not  include  the  removal  of  suspended 
matter  in  the  grit  chamber,  the  effluent  of  which  was  applied  to 
each  of  these  tanks  except  Septic  Tank  E : 
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Relative  Efficiency  of  Septic  and  Plain  Sedimentation 
Tanks  in  the  Removal  of  Suspended  Matter, 

(Average  of  Results  by  Months) 


Percbntage  Rkmovai, 

OF  Suspended  Matter 

Month 
1904-5 

Plain 
Settling 
Tank  A. 

Septic 

Tank 

A. 

Septic 

Tank 

B. 

Septic 

Tank 

C. 

Septic 

Tank 

D. 

Septic 
Tank 

October 

November 

December 

January 

February 

March 

April 

58 
44 
48 
35 
34 
63 
56 
64 
62 

56 

51 
42 
48 
32 
47 
56 
67 
S3 

63 
-6 
51 
59 
45 
60 
63 
49 
62 

•   • 

56 
48 
35 
38 
57 
61 
40 
15 

•  • 

•  • 

•  • 

•  • 

48 
46 
47 
42 
16 

60 
65 

*May 

57 

*June 

26 

*  Samples  collected  at  hourly  intervals  from  the  influent  and  effluent  of  tanks 
A,  B  and  C  each  day  duriag*  May  and  June. 


The  weekly  average  results  of  these  hourly  samples  are  pre- 
sented in  the  next  table.  Compared  with  corresponding  data 
already  presented  for  the  plain  settling  tanks  they  show  a  notable 
variation  and  diminution  in  the  removal  of  suspended  matter. 
This  was  marked  in  the  case  of  Septic  Tank  C,  which  was  then 
undergoing  a  period  of  unusual  septic  activity. ' 
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Weekly  Average  Results  of  the  Total  and  Volatile  Suspended 

Matter  in  the  Applied  Sewage  and  in  the  Effluents 

of  Certain  of  the  Septic  Tanks. 

(Weekly  averages  of  168  hourly  samples  collected  each  week,  and 
examined  for  suspended  matter  by  the  Gooch  crucible  method.) 


1905 
Wbbk 

SUSPENDED     MATTER 
Pab'ts  FEB  Million 

Per 
Cent. 

Infi,uenT 

Effi,uknt 

Removal 

Removed 

Ending 

To- 
tal 

Vol- 
atile 

To- 
tal 

Vol- 
atile 

To- 
tal 

Vol- 
atile 

To- 
tal 

Vol- 
atile 

Septic  Tank  A, 

May  8 

May  15 

142 
372 
142 
164 
147 
158 
210 
275 
97 

70 
73 
52 
58 
59 
39 
67 
46 
52 

114 
156 

45 
66 
67 
87 
84 
140 
57 

54 
44 
32 
50 
28 
25 
37 
50 
35 

28 

216 

97 

98 

80 

71 

126 

135 

40 

16 
21 
20 
8 
31 
14 
30 
-4 
17 

20 
58 
68 
60 
54 
45 
60 
49 
41 

23 
40 

May  22 

38 

May  29 

14 

June  5 

53 

June  12 

June  19 

36 
45 

June  20-23 

Juue  24-29 

-9 
33 

Septic  Tank  B. 

May  8 

May  15.... 
May  22.... 

May  29 

June  5 

June  12.... 

June  19 

June  20-23. 
June  24-29. 


Septic  Tank  C. 

May  8 

May  15... 
May  22. . . . 

May  29 

June  5 

June  12 

June  19 

June  20-23. 
.    June  24-29. 


142 

70 

130 

72 

12 

-2 

8 

372 

73 

200 

53 

172 

20 

46 

142 

52 

59 

31 

83 

21 

58 

164 

58 

112 

58 

5:! 

0 

32 

147 

59 

83 

29 

64 

30 

44 

158 

39 

91 

26 

67 

13 

42 

210 

67 

122 

54 

88 

13 

42 

275 

46 

120 

64 

155 

^18 

56 

97 

52 

45 

32 

52 

20 

54 

142 

70 

102 

54 

40 

16 

28 

372 

73 

222 

57 

150 

16 

40 

142 

52 

122 

58 

20 

-6 

14 

164 

58 

140 

74 

24 

-16 

IS 

147 

59 

145 

50 

2 

9 

1 

158 

39 

196 

55 

-38 

-16 

-24 

210 

67 

158 

55 

52 

12 

25 

275 

46 

190 

54 

85 

-8 

31 

97 

52 

115 

53 

-18 

-1 

-19 

-3 
27 
40 
0 
51 
33 
18 
-39 
38 


23 

22 
-11 
-28 

15 
-41 

18 
-17 

-2 


Regarding  the  Removal  of  Dissolved  Matter.  The  results  of 
analysis  of  325  average  samples  comprising  a  total  of  7,900 
hourly  portions  of  the  influents  and  effluents  of  the  several  septic 
tanks  showed  that  there  was  no  noteworthy  change  eflEected  in 


122  REPORT  ON  SEWAGE  PURIFICATION 

the  amounts  of  dissolved  matters  in  the  sewage  during  its  passage 
through  the  septic  tanks.  This  statement  holds  true  in  the  case 
of  the  tanks  with  the  long  period  of  flow  (24  hours)  as  well  as  in 
those  of  short  periods  of  flow  (4  hours). 

Changes  in  the  Free  Ammonia  of  the  Applied  Sewage.  As 
shown  in  a  previously  presented  table,  the  free  ammonia  of  the 
applied  sewage  at  times  materially  increased  during  the  passage 
of  the  sewage  through  the  septic  tanks.  These  increases  were 
most  marked  during  the  months  of  April,  May  and  June,  1905, 
at  the  time  when  all  of  the  tanks  showed  the  most  pronounced 
evidence  of  active  septicity.  There  was  very  little  difference 
in  the  increases  in  free  ammonia  in  the  several  tanks.  During 
these  early  spring  months  the  increases  in  free  ainmonia  in  the 
several  septic  tanks  ranged  from  3  to  34  per  cent,  and  averaged 
about  17  per  cent. 

Removal  of  Fats.  The  average  of  720  hourly  samples  col- 
lected during  the  month  of  June,  1905,  showed  that  the  percent- 
age removal  of  the  fatty  matters  contained  in  the  applied  sewage 
by  Septic  Tanks  A,  B,  C.  D  and  E  were  50,  50,  33,  6  and  32, 
respectively.  Referring  these  figures  to  crude  sewage  it  is  seen 
that  the  combined  efficiency  of  the  grit  chamber  and  Septic 
Tanks  A,  B,  C  and  D  in  the  removal  of  fats  during  the  month 
01  June  was  59,  59,  45  and  23  per  cent.,  respectively. 

Concerning  Growths  of  Bacteria. 

As  noted  in  the  case  of  the  settling  tanks,  the  bacterial  con- 
tent of  the  effluents  of  the  septic  tanks  normally  contained  much 
higher  numbers  of  bacteria  than  did  the  applied  sewage. 

The  increases  in  the  bacterial  content  of  the  sewage  during 
its  passage  through  the  septic  tanks  was  apparently  not  associ- 
ated in  any  direct  way  with  the  amount  of  gas  evolved  nor  the 
season  of  the  year,  fully  as  great  increases  being  noted  during 
the  winter  months  as  in  the  spring  and  summer. 

Following  the  same  line  of  reasoning  as  in  the  case  of  the 
settling  tanks,  and  figuring  a  theoretical  removal  of  bacteria 
equal  to  the  removal  of  suspended  matter  in  the  several  septic 
tanks,  we  have  the  following : 
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Considerations  Relative  to  the  Orowth  of 
Bacteria  in  Septic  Tanks. 


Septic 
Tank 

AVBSAOE 

Bacteria  per  Cubic 

Centimeter 

(Millions) 

Corrected 
Number  of 
Bacteria  in 
£fflueut  on 
a  Basis  of  the 
Removal  of 
Suspended 

Matter 
(Millions) 

Number  of 
Bacteria  per 
Cubic  Centi- 
meter Attrib- 
utable to 
Growths  in 
the  Tanks 
(Millions) 

Percentage 

which  the 

Numbers  of 

Bacteria  due 

to  Growths  in 

the  Tank 

were  of  the 

Influent 

Effluent 

Number  in 

the  Applied 

Sewage 

A 

2.0 
2.0 
1.3 
1.0 

2.8 

3.8 
4.1 
2.5 
2.3 

4.2 

1.00 

1.00 

.65 

.59 

1.54 

2.80 
3.10 
1.85 
1.71 
2.66 

140 

B 

155 

C 

D 

154 
171 

E 

95 

Absence  of  Odor. 

At  no  time,  even  during  the  period  of  warm  weather  near 
the  end  of  the  tests  were  offensive  odors  noted  about  any  of  the 
septic  tanks,  a  feature  which  was  frequently  commented  upon  by 
visitors.  When  the  tanks  were  cleaned  in  June  at  the  end  of  the 
tests,  it  was  remarkable  how  little  odor  emanated  from  the  sludge 
layer  as  it  was  flushed  from  the  tank.  At  that  time,  such  odors 
as  did  arise  could  not  be  detected  at  a  distance  of  100  yards. 

Effect  Upon  the  Sulphates  in  the  Local  Sewage. 

To  determine  whether  any  reduction  of  the  sulphates  in 
Columbus  sewage  took  place  under  the  active  reducing  actions 
present  in  septic  tanks,  the  influent  and  effluent  of  two  of  the 
septic  tanks,  namely,  Septic  Tank  A,  16  hours'  flow,  and  Septic 
Tank  B,  24  hours'  flow,  were  sampled  at  half -hourly  and  hourly 
intervals,  respectively,  for  a  period  of  one  week  during  the  month 
of  May,  1905.  At  the  end  of  that  time  the  average  portions  were 
mixed  and  examined  for  sulphates  in  the  usual  way.  The  results 
of  this  experiment  are  presented  below  and  show  conclusively 
that  sulphates  (SO^)  present  in  the  applied  sewage  to  the  extent 
of  200  parts  per  million  did  not  suffer  any  appreciable  reduction 
when  exposed  for  16  and  24  hours,  respectively,  to  the  reduciing 
actions  incidental  to  the  septic  process. 
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Effect  of  Septic  Action  Upon  the  Sulphates  in 

the  Local  Sewage. 


Parts  per  Mii,i.ion  (SO 4) 


DEVICE 


Crude  Sewage 

16-hour  Septic  Tank 
24-hour  Septic  Tank 


208 
203 
201 


208 
205 


Arerage 


208 
204 
201 


Note. — Method  of  Determining-  Sulphates  :  In  boilinfir  acidified  solution  precipi- 
tated sulphate  with  barium  chloride.  Filtered  through  tarred  Gooch  crucible,  ig-nited 
and  weig-hed. 

Merits  of  Covers, 

Although  the  comparative  tests  extended  over  only  a 
comparatively  short  period  it  is  significant  that  the  results  ob- 
tained from  the  covered  and  uncovered  tanks  were  in  all  ways 
<;losely  comparable.  Even  during  period  of  prolonged  cold 
weather  the  surfaces  of  the  open  tanks  did  not  freeze  over,  and 
during  the  period  of  warm  weather  in  May  and  June,  1905,  no 
offensive  odors  emanated  from  the  open  tanks,  as  above  noted. 
There  was  no  permanent  scum  formation  upon  either  the  open 
or  covered  tanks,  but  this  fact  apparently  did  not  influence 
their  efficiency.  The  septic  effluent  was  always  very  dark 
in  color  and  would  not  permit  of  the  deep  penetration  of 
the  sun's  rays.  The  conclusion  may  be  safely  drawn  that  open 
tanks  are  quite  as  satisfactory  for  the  treatment  of  the  local 
sewage  as  those  provided  with  covers. 


SLUDGE  ACCUMULATION  AND  LIQUEFACTION. 

As  a  basis  of  computing  the  per  cent,  of  liquefaction  of 
sludge  in  the  septic  tanks  the  amount  of  solids  actually  deposited 
must  be  estimated  as  closely  as  possible.  The  figures  obtained  in 
the  case  of  Plain  Settling  Tank  A,  when  obtaining  data  of  sludge 
removal,  have  been  used  as  well  as  analytical  results  of  influents 
and  effluents.  All  analytical  data  in  connection  with  the  opera- 
tion of  this  tank  and  the  septic  tanks  are  directly  comparable, 
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especially  in  the  ease  of  Septic  Tanks  A,  B  and  C.  The  analyti- 
cal data  of  the  influents  and  effluents  show  that,  of  the  dry  sus-^ 
pended  matter  applied  to  these  during  the  tests,  the  amount  de- 
posited was  0.28  ton  per  million  gallons  for  the  settling  tank,  and 
0.30  ton  per  million  gallons  for  the  three  septic  tanks. 

In  computing  the  actual  amount  of  deposit  which  took  place^ 
in  Settling  Tank  A  it  is  to  be  stated  that  inasmuch  as  until  May 
1  samples  of  the  influents  and  effluents  were  collected  only  on 
every  other  day,  the  actual  amount  of  solids  deposited  in  the 
tank  was  indicated  more  accurately  by  the  sludge  data  than  by 
those  of  the  influent  and  effluent.  Each  time  the  sludge  was 
removed  from  the  plain  settling  tank  it  was  carefully  measured 
as  previously  described  and  average  samples  were  collected  for 
analysis.  In  this  way  it  was  calculated  that  the  actual  amount  of 
dry  solids  deposited  in  the  plain  settling  tank  was  equal  to  0.36 
ton  per  million  gallons,  instead  of  0.28  ton  as  shown  by  the  in- 
fluent and  effluent  data. 

In  view  of  the  variable  quantity  of  sludge  in  the  raw  sewage 
and  the  fact  that  on  many  days  thorough  tests  were  not  made  of 
the  matters  deposited  in  these  tanks,  it  is  believed  that  the  larger 
of  these  figures  is  the  more  accurate.  This  conclusion  does  not 
affect  the  accuracy  of  the  percentages  of  removal  which  are 
given  in  this  report  and  based  on  the  results  of  many  thousands 
of  analyses,  but  it  does  indicate  clearly  that  the  average  samples 
of  sewage  as  analyzed  with  results  tabulated  in  Chapter  I.  give 
too  low  results  for  suspended  matter.  This  fact  with  similar 
ones  was  considered  in  estimating  the  grams  per  capita  daily  of 
suspended  matter. 

Applying  the  ratio  of  28  to  36  to  the  results  obtained  from 
the  several  septic  tanks,  the  summaries  are  obtained  on  sludge 
accumulation  in  septic  tanks  as  given  in  the  fourth  table  beyond. 

Before  studying  this  summary  it  will  be  well  to  note  the 
detailed  records  in  the  three  following  tables.  In  the  first  is  con- 
tained a  record  at  the  middle  of  each  month  of  the  volume  and 
composition  of  sewage  applied  to  each  tank  and  the  amount  of 
wet  and  dry  sludge  found  in  the  tank.  The  second  table  shows 
the  relation  of  the  composition  of  the  applied  sewage  to  sludge 
accumulation.  Monthly  variation  in  the  volume  of  sludge  are 
noted  in  the  third  table. 
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Record  by  Periods. 


umber 
in  Period 

jallons 
B  Treated 

Average 

Tons  Per  Million  Gallons 

Period 

U-l 

Tempera- 
ture 

Suspended  Matter 

Sludge  Deposit 

1904-5 

Total  Ni 
Days 

Million  ( 
Sewagi 

Period  c 
Flow 

Deo.  F. 

Influent 

Removed 

Total 
Wet 

Dry  Solids 

Air 

Efflu- 
ent 

Total 

Vol- 
atile 

Total 

Vol- 
atile 

Total 

Vol- 
atile 

SBfitIc  Tank  4 

i 

Sept.  3-Oct.  15 

41.0 

2.1 

8.0 

63 

67 

0.68 

0.24 

0.34 

0.11 

2.85 

0.07 

0.06 

"•    Nov.  16 

73.0 

3.7 

8.1 

45 

61 

0.52 

0.24 

0.26 

0.11 

1.14 

0.10 

0.04 

"     Dec.   16 

103.0 

4.6 

9.1 

33 

57 

0.55 

0.25 

0.29 

0.12 

1.00 

0.10 

0.05 

"     Jan.    16 

134.0 

5.4 

10.1 

28 

48 

0.55 

0.25 

0.27 

0.12 

1.07 

0.11 

0.04 

"     Feb.   16 

165.0 

6.2 

10.9 

21 

47 

0.51 

0.25 

0.24 

0.12 

0.60 

0.06 

0.03 

"     Mar.  16 

193.0 

6.9 

11.4 

35 

44 

0.53 

0.25 

0.25 

0.12 

0.58 

0.05 

0.02 

"     Apr.   16 

224.0 

7.7 

11.9 

52 

55 

0.58 

0.26 

0.28 

0.14 

0.52 

0.06 

0.02 

**     June  30 

300.2 

9.5 

12.9 

66 

63 

0.62 

0.26 

0.31 

0.13 

1.23 

0.21 

0.05 

SBfiiic  Tank  B 


Sept.  2-Oct. 
"  Nov. 
"  Dec. 

"  Feb. 
"  Mar. 
"  Apr. 


15 
16 
16 
16 
16 
16 
16 
June  30 

Se/tilc  Tank  C 

Nov.22-Dec.l6 
"  Jan.  16 
"  Feb.  16 
"  Mar.  16 
•'  Apr.  16 
"     June  30 

Septic  Tank  D 


Feb.  18-Mar.  16|  25.95 
"  Apr.  16  56.95 
"      June  30.131.80 

Septic  Tank  £ 

May  4  Apr.  161  42.75 
*'     June  30|ll7.63 


41.8 

1.1 

15.8 

64 

68 

0.68 

0.24 

0.40 

0.13 

3.22 

0.07 

73.8 

1.9 

16.0 

45 

60 

0.52 

0.24 

0.19 

0.11 

2.56 

0.28 

103.8 

2.4 

17.8 

33 

54 

0.55 

0.25 

0.22 

0.09 

1.41 

0.12 

134.8 

3.0 

18.4 

28 

48 

0.55 

0.25 

0.25 

0.12 

1.70 

0.14 

165.8 

3.5 

19.4 

21 

46 

0.51 

0.25 

0.23 

0.12 

0.82 

0.06 

193.8 

4.0 

19.8 

35 

47 

0.53 

0.25 

0.25 

0.12 

1.01 

0.09 

224.8 

4.5 

20.5 

52 

54 

0.58 

0.26 

0.29 

0.14 

0.81 

0.06 

301.3 

5.7 

21.5 

66 

63 

0.62 

0.26 

0.32 

0.13 

1.65 

0.29 

23.8 

1.2 

8.2 

31 

55 

0.53 

0.28 

0.27 

0.12 

3.79 

0.25 

54.8 

2.8 

8.0 

28 

50 

0.54 

0.27 

0.25 

0.12 

1.24 

0.15 

85.8 

4.4 

8.0 

21 

48 

0.46 

0.25 

0.19 

0.10 

0.73 

0.09 

113.8 

5.8 

8.0 

35 

45 

0.50 

0.25 

0.22 

0.10 

1.08 

0.13 

144.8 

7.4 

8.0 

52 

55 

0.54 

0.26 

0.25 

0.11 

0.97    0.12 

220.7 

10.8 

8.3  1 

66 

63 

0.62 

0.26 

0.28 

0.10 

0.73 

0.12 

0.84 

4.0 

45 

45 

0.69 

0.25  1 

0.36 

0.12 

1.34 

0.31 

1.84 

4.0 

52 

55 

0.77 

0.30 

0.37 

0.14 

1.24 

0.21 

4.12 

4.1 

66 

63 

0.86 

0.30 

0.35 

0.12 

1.33 

0.20 

0.30 

8.2 

48 

52 

1.08 

0.43 

0.68 

0.23 

1.32 

0.20 

0.79 

8.6 

66 

63 

1.21 

0.39 

0.67 

0.19 

2.66 

0.43 

0.03 
0.12 
0.05 
0.05 
0.03 
0.04 
0.02 
0.07 


0.15 
0.08 
0.04 
0.05 
0.04 
0.03 


0.10 
0.08 
0.05 


0.07 
0.13 
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Relation  of  Composition  of  Applied  Suspended  Matter  to 

Sludge  Accumulation, 


MONTH 
1904-5 


Tempera- 
ture OF 
Effluent 
Deg.  F. 


SBptie  Tank*- 


September 
October  . . . 
Norember 
December . 
January... 
February  . 
March  — 

April 

May 

June 


57 
52 
49 
48 
50 
58 
62 
67 


68 
64 
59 
52 
48 
45 
49 
57 
62 
68 


Cubic 

Yards  Wet 

Sludge PER 

Million 

Gallons 

Sewage 

Treated 


B 


70 
63 
58 
SO 
47 
44 
48 
57 
62 
67 


Suspended  Matteb 


Parts  peb  Million 


B 


4.4 
1.4 
0.8 
1.3 
1.1 
0.7 
.0.8 


3.3 
1.3 
1.1 
1.2 
0.7 
0.7 
0.6 
0.6 
1.3 


3.8 
3.0 
1.6 
2.0 
1.0 
1.2 
0.9 
0.9 
1.8 


c4 

o 


o 

> 


141 
138 
107 
88 
167 
255 
201 
202 


73 
66 
64 
46 
68 
87 
46 
54 


o 


o 
> 


B 


ei 

o 


114 
160 
119 
139 
111 
88 
171 
305 
237 
217 


54 
58 
64 
66 
66 
45 
68 
118 
50 
61 


> 


Percent- 
age WHICH 
Volatile 

WAS  OF 

Total  Sus- 
pended 
Matter 

IN  THE 

Influent 


114 
160 
119 
139 
111 
88 
171 
305 
237 
217 


54 
58 
64 
66 
66 
45 
68 
118 
50 

ei 


B. 


52 
48 
60 
52 
41 
34 
23 
27 


47 
36 

54 
47 
59 
51 
40 
39 
21 
28 


47 
36 
54 
47 
59 
51 
40 
39 
21 
28 


Monthly  Variation  in  the  Volu^ne  of  Sludge  Deposited  in 

Septic  Tanks, 


MONTH 

1904-5 

Tempera- 
ture OF 
Effluent 
Deg.  F. 

Total  Cubic 
Yards  Wet 

Sludge 
Deposited 

Depth  of 

Sludge 

Deposited 

(in  inches) 

Percent- 
age OF 
Capacity 
OF  Tank 

S%ptic  Tanka 

C 

A 

64 
59 

B 

C 

A 

B 

4.15 

5.53 

C 

•  •  •  • 

A 

6.9 
4.8 

B 

4.1 
5.4 

C 

•  •  •  * 

•  ■  •  • 

A 

7.7 
5.3 

B 

October 

63 

58 

6.99 
4.84 

4  6 

November 

57 

6.0 

December 

52 

52 

50 

5.33 

5.23 

3.95 

5.3 

5.2 

3.9 

5.9 

.5.8 

4.3 

January  

49 

48 

47 

4.03 

6.69 

5.75 

4.0 

6.6 

5.7 

4.4 

7.3 

6.3 

February  

48 

45 

44 

3.68 

4.31 

3.32 

3.6 

4.3 

3.3 

4.0 

4.8 

3  7 

March 

50 

49 

48 

7.27 

4.58 

4.58 

7.2 

4.5 

4.5 

8.0 

5.0 

5.0 

April 

58 
62 

57 
62 

57 
62 

8.03 
5.69 

4.47 
4.84 

4.12 
4.44 

7.9 
5.6 

4.4 

4.8 

4.1 
4.4 

8.8 
6.2 

4.9 
5.3 

4  6 

May 

4  9 

June 

67 

68 

67 

8.56 

12.84 

10  34 

8.4 

12.6 

10.2 

9.3  14.0 

11,3 

1 

Note. — Uicrh  rainfall  explains  June  results.    See  rainfall  table.    See  also  composi' 
tton  of  the  applied  suspended  matter. 
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Summary  of  Results  to  Show  Sludge  Accumulation 
and  Liquefaction  in  Septic  Tanks. 


Septic  Tank. 


Period  in  Service,  190  4 -S. 


Days  in  service 

Total  g-allons  sewage  treated. . 

Averag-e  period  of  flow,  (hours). 

Average  velocity  of  flow 

(m.  m.  per  second). 

Tons  per  MiIvLion  Gai.s.  Dry 
Solids  Computed  from  In- 
fluent AND  Effluent  Data 

Contained  in  applied  sewage 

Deposited  in  tank 

Escaped  in  effluent 

Tons  of  Dry  Solids  per  Mil- 
lion Gallons 


Deposited* 

In  tank   at   end  of  tests... 

Per  cent,  solid  matter  liquified 

Cubic  yards  of  wet  sludge  per 
million  gallons  of  sludge 
treated  found  in  the  tanks 
at  end  of  the  test 


Aug.  16 

to 
June  30 


300 

9.5 

13.9 

0.24 


0.61 
0.31 

0.30 


0.40 
0.21 

8 


1.4 


B 


Aug.  16 

to 
June  30 


301 

5.7 
21.8 

0.15 


0.61 
0.31 
0.30 


0.40 
0.29 

28 


1.8 


c 

D 

Nov.  22 

to 
June  30 

Feb.  18 

to 
June  30 

221 

132 

10.8 

4.1 

8.0 

4.0 

0.42 

0.84 

0.62 
0.28 
0.34 

0.86 
0.2b 
0.60 

0.36 
0.12 

0  33 
0.20 

67 

39 

0.8 

1.5 

E 


Mar.  9 

to 
June  30 


118 

0.79 

8.0 

0.14 


1.21 
0.67 
0.54 


0.86 
0.43 

50 


2.9 


♦Corrected  in  the  ratio  of  28  to  36  to  correspond  to  the  ratio  of  computed  deposit  to- 
actual  deposit  respectively  in  Plain  Settling  Tank  A. 


With  reference  to  the  results  contained  in  the  above  table 
it  is  noted  that  there  is  considerable  irregularity  in  the  depth  and 
volume  of  sludge  deposit  as  well  as  in  the  per  cent,  of  solid  mat- 
ter in  the  deposited  sludge  which  was  liquefied.  In  this  connec- 
tion it  is  to  be  expected  that  the  amount  of  sludge  in  a  septic 
tank  will  vary  widely  throughout  the  year,  rising  to  a  maximum 
during  the  winter,  and  falling  to  a  minimum  as  spring  and  sum- 
mer approach.    In  Septic  Tanks  A,  B  and  C,  when  finally  shut 
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down  on  June  30,  1905,  the  amount  of  sludge  deposit  as  shown 
above  ranged  from  1.8  to  0.8  cubic  yards  per  million  gallons. 
Septic  Tank  C  had  just  passed  through  a  period  of  extreme 
septic  activity,  while  Septic  Tanks  A  and  B,  although  showing 
marked  evidences  of  iinusual  septic  activity  in  ^lay,  had  ap- 
parently not  reached  the  stage  of  maximum  bacterial  activity. 
Septic  Tank  D  was  in  the  midst  of  an  active  period  when  shut 
down,  and  the  action  in  Septic  Tank  E,  while  continuous,  had 
just  begun  to  pass  through  the  period  of  extreme  activity. 

These  data  clearly  show  that  septic  sludge  is  liquefied  in 
part  by  a  regular  bacterial  activity  in  the  sludge  and  in  part  by 
extraordinary  bacterial  activity  which  manifests  itself  for  short 
periods  at  irregular  intervals.  These  two  facts  require  con- 
sideration, and  in  practice  the  tanks  should  be  large  enough  to 
provide  for  sludge  accumulation  between  very  active  septic 
periods  which  seem  to  occur  once  or  more  every  year. 

In  estimating  the  ratio  of  sludge  accumulation  in  septic 
tanks  it  does  not  seem  unreasonable  to  take  the  average  figures 
for  Septic  Tanks  A,  B  and  C,  showing  an  average  accumulative 
deposit  of  1.33  cubic  yards  per  million  gallons.  In  figuring  the 
per  cent,  of  the  sludge  deposited  in  the  septic  tanks  which  was 
hydrolized  a  fair  comparison  may  be  had  in  the  following 
manner : 

In  Plain  Settling  Tank  A  and  in  Septic  Tanks  A,  B  and  C 
the  percentage  removal  of  suspended  matters  was  practically 
identical  throughout  the  tests.  For  this  reason  it  seems  permis- 
sible to  compare  directly  the  two  sludge  deposits  to  get  informa- 
tion on  the  degree  of  hydrolysis  in  the  septic  tanks.  In  the 
plain  settling  tank  the  deposit  amounted  on  an  average  to  3.3 
cubic  yards  per  million  gallons,  and  the  average  accumulative 
deposit  in  the  septic  tanks  amounted  to  1.33  cubic  yards  per 
million  gallons  as  above  noted.  The  sludge  liquefied  in  the 
septic  tanks,  therefore,  amounted  to  60  per  cent.,  on  an  average, 
of  the  total  amount  deposited  therein. 

Septic  Tank  E,  receiving  crude  sewage,  showed  50  per  cent, 
reduction  in  the  solid  matter  deposited  as  sludge.  Taking  every- 
thing into  consideration  it  is  believed  that  this  is  a  sound 
average  figure  to  use.  To  prevent  its  misuse,  however,  it  is 
necessary  to  state  very  clearly  the  evidence  at  this  station  shows 
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it  to  be  too  low  a  figure  for  warm  weather  conditions  and  too 
high  for  cold  weather. 

On  the  basis  of  annual  averages,  computed  in  early  summer, 
it  is  estimated  that  about  2.68  cubic  yards  of  wet  sludge  per  mil- 
lion gallons  result  from  treating  raw,  screened  Columbus  sewage 
in  septic  tanks  holding  8  hours*  flow;  larger  tanks  would  not 
modify  this  result. 


EFFECT  OF  SEPTIC  ACTION  UPON  THE  COMPOSITION 

OF  THE  SLUDGE  DEPOSIT. 

As  illustrating  the  changes  effected  by  septic  action  in  the 
sludge  the  following  results  are  presented.  The  most  con- 
spicuous feature  relates  to  the  change  which  takes  place  in  the 
amounts  of  volatile  and  mineral  matter.  Septic  action  causes  an 
increase  in  the  latter  at  the  direct  expense  of  the  former.  The 
specific  gravity  of  septic  tank  sludge  is  higher  than  that  of  the 
plain  settling  tank  sludge,  doubtless  due  to  the  compacting 
factor. 

Effect  of  Septic  Action  Upon  the  Character  of 

the  Sludge  Deposit. 


\ 

Total 
Gallons 

of 
Sewage 
Treated 

(Mil- 
lions) 

AVERAGE  COMPOSITION  OF  SLUDGE  DEPOSIT 

Weight 

per 

Cubic 

Yard 

of 

Wet 
Sludge 

(Pounds) 

Per  Cent,  by  Weight 

Tank 

Wet  Sludge 

Dry 

Wa- 
ter 

Dry  Solids 

SOI^IDS 

Total 

Vol- 
atile 

Min- 
eral 

Vol- 
atile 

Min- 
eral 

Plain  Settling 
Tank  A 

11.03 

1,779 

87.2 

12.8 

5.1 

7.7 

39.8 

60.2 

Septic  Tank 
C 

10.76 

1,823 

83.2 

16  8 

4  3 

12.5 

25.6 

74.4 

Note:    The  above  figures  represent  the  averag'e  analysis  of  all  samples  of  slttdgre 
deposit  in  Plain  Settling  Tank  A,  for  the  period  during-  which  Septic  Tank  C  was  m 
operation.    The  fig-ures  g-iven  tor  Septic  Tank  C  represent  the  analysis  of  the  averagre- 
sample  collected  from  this  tank  at  the  close  of  the  tests.    Both  tanks  had  been,  in  oper- 
ation 220  days. 
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COMPOSITION  OF  SEPTIC  SLUDGE. 

Analytical  data  referring  to  the  amount  and  composition 
of  the  sludge  deposited  in  each  of  the  septic  tanks  at  monthly 
intervals  during  the  tests  have  already  been  presented.  In 
the  following  table,  however,  are  contained  the  results  of 
analyses  of  the  thoroughly  representative  samples  of  the  sludge 
deposit  in  the  several  septic  tanks  at  the  close  of  the  tests : 

Composition  of  Septic  Slvdge, 

Constituent  Results  Given  in  Per  Cent,  by  Weigrht  of  Wet  Sludge. 


Constituent 


Weight  of  wet  sludge  per  cubic 
yard.     (Pounds) . 


Specific  gravity 


Water 

Solids 

Volatile  matter 

Nitrogen 

Fats 

Iron  (Fe) 

Ferrous  sulphide  (FeS) 
Iron  (not  as  FeS) 


Septic  Tanks 


Bacteria    i  Total  numbers 
per  gram 


Millions.    I  Gas  formers. 


A 

B 

C 

D 

1836 

1823 

1823 

1800 

1.089 

1.080 

1.080 

1.069 

83.3 

82.3 

83.2 

84.7 

16.7 

17.7 

16.8 

15.3 

4.4 

4.4 

4.3 

4.1 

0.25 

0.25 

0.23 

0.19 

0.94 

1.06 

1.05 

1.36 

0.62 

0.68 

0.58 

0.50 

0.50 

0.98 

0.59 

0.38 

0.30 

0.06 

0.20 

0.26 

130.0 

140.0 

120.0 

130.0 

1.0 

1.5 

2.0 

1.5 

E 


1833 


1.087 


83.7 
16.3 
5.0 
0.18 
1.17 
0.45 
0.36 
0.22 


75.0 


3.0 


APPEARANCE  OP  SLUDGE  IN  THE  EFFLUENT  OF  SEPTIC  TANKS. 

In  septic  tanks  designed  so  as  to  guard  adequately  against 
the  passage  of  sludge  into  the  effluent  such  conditions  as  were 
noted  during  these  tests  in  connection  with  the  septic  tanks 
studied  would  not  -occur.  During  periods  when  the  amount  of 
gas  evolved  in  the  tanks  was  especially  voluminous  quantities 
of  the  sludge  layer  were  brought  to  the  surface  by  the  rising  gas 
and  much  of  this  sludge  at  such  times  passed  out  in  the  effluent. 
Particularly  was  this  a  feature  in  the  case  of  Septic  Tani  B 
during  the  month  of  November,  1904,  and  in  Septic  Tanks  C,  D 
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and  E  during  the  month  of  June,  1905.  (See  tables  on  pages 
112,  113,  120  and  121.)  On  account  of  the  clogging 
factor  which  such  conditions  as  these  introduce  into  the 
operation  of  finishing  filters  subsidiary  to  septic  tanks,  the 
utmost  precaution  is  justified  in  designing  septic  tanks  so  as  to 
eliminate  this  objectionable  feature  so  far  as  possible.  In  some 
places  attempts  have  been  made  to  overcome  the  difficulty  by 
passing  the  effluent  of  the  septic  tank  through  coke  filters  before 
it  is  applied  to  the  finishing  filters,  and  in  other  cases  supple- 
mentary subsidence  of  the  septic  effluent  has  been  suggested. 
The  most  practical  manner  to  get  around  the  difficulty  seems 
to  be  to  prevent  the  sludge  from  reaching  the  outlet  end  of  the 
tank  by  providing  suitable  submerged  baffles  and  scum  boards. 
The  cross  section  flowing  liquid  should  not  be  reduced,  however, 
so  as  in  itself  to  cause  velocities  which  would  transport  the 
sediment. 

SLUDGE  DISPOSAL. 

Sludge  disposal  was  considered  from  two  standpoints,  that 
of  disposal  on  land  and  by  dilution  in  the  river  during  flood 
flows. 

It  was  found  that  a  dilution  of  the  sludge,  including  that 
from  the  septic  tanks,  was  required  to  the  extent  of  one  volume 
of  sludge  to  800  volumes  of  river  water.  The  resulting  dilution 
was  non-putrescible  and  had  no  objectionable  odor. 

Hygienically  the  dilution  method  of  septic  sludge  disposal 
in  cases  where  the  sewage  comes  from  combined  sewers,  with  a 
part  of  the  storm  flows  entering  the  river,  is  much  more  satis- 
factory than  would  appear  at  flrst  sight.  This  is  due  to  the  fact 
that  the  disease  germs  to  a  very  large  degree  die  out  in  the  sludge 
as  it  lies  in  the  septic  tanks,  whereas  they  are  present  to  a  certain 
degree  in  the  overflow  of  storm  sewers.  The  method  is  made  still 
more  efi:ective  hygienically  if  no  fresh  sewage  were  allowed  to 
enter  the  septic  tanks  for  several  days    prior    to  their  being 

cleaned. 

Sludge  disposed  of  on  the  above  basis  would  cause  no  more 

sewage  matters  per  unit  volume  of  water  to  be  present  in  the 

river  water  below  the  purification  works  than  during  low  flows 

when  only  the  adequately  purified  sewage  reaciies  the  river. 

V  This  subject  i?  further  discussed  in  Chapter  VII; 
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Section  5. 


CHEMICAL  PRECIPITATION  AS  A  PREPARATORY  SEWAGE 

TREATMENT. 

As  chemical  precipitation  has  been  practiced  for  many 
years  in  some  200  plants  or  more  in  Europe  and  in  several  places 
in  this  country  it  is  needless  here  to  enter  into  details  as  to  its 
general  nature.  The  purpose  of  these  tests  were  to  ascertain 
how  readily  and  how  thoroughly  the  suspended  matter  could  be 
removed  from  sewage  and  thus  permit  higher  rates  to  be  used  for 
the  intermittent  sand  filters  receiving  the  effluent.  In  other 
words,  it  was  the  purpose  to  clarify  the  raw  sewage  in  a  manner 
quite  similar  to  that  which  has  been  tried  for  the  clarification  of 
muddy  river  waters  preparatory  to  their  purification  by  sand  fil- 
ters, which  clarification  constitutes  the  full  treatment  of  the 
water  supply  at  St.  Louis  and  Kansas  City. 

Sulphate  of  alumina  and  copperas  and  lime  were  used  re- 
spectively as  coagulants  to  the  sewage  treated  in  the  chemical 
precipitation  tests.  The  gelatinous  hydrates  of  these  metals  en- 
tangle the  suspended  matter  thus  forming  flocks  of  increased 
size  which  more  readily  subside.  In  each  of  the  rectangular 
tanks  receiving  sewage  treated  in  this  manner  the  average  of 
flow  was  8  hours  and  the  velocity  about  .42  m.m.  per  second. 

Each  of  the  two  rectangular  tanks  had  an  effective  working 
capacity  of  about  17,600  gallons,  and  the  relation  of  length  to 
depth  in  each  was  5  to  1  (40  feet  by  8  feet).  Screened  sewage 
settled  in  the  grit  chamber  wherein  about  30  per  cent,  of  the 
suspended  matter  had  been  removed  was  applied  to  these  tanks. 
The  flow  through  the  tanks  was  continuous  at  all  times. 

Application  of  Chemicals  to  the  Sewage.  In  the  lime  and 
iron  process  the  lime  was  added  in  the  form  of  a  1.0  to  1.4  per 
cent,  milk  of  lime,  and  was  introduced  into  the  sewage  as  it  en- 
tered the  tank  through  a  2-inch  wrought  iron  pipe.  The  iron 
solution,  ranging  in  strength  from  1.0  per  cent,  during  the  day 
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to  0.75  per  cent,  during  the  night,  was  applied  through  a 
0.75-inch  iron  pipe  which  was  tapped  into  the  main  influent  pipe 
just  before  it  entered  the  tank.  The  sulphate  of  alumina,  in  1.0 
per  cent,  solutions,  was  applied  to  the  other  precipitation  tank 
in  a  manner  similar  to  that  described  in  the  case  of  the  solutions 
of  iron.  The  arrangement  of  the  devices  and  the  ball  cock  tanks 
is  described  in  Chapter  II. 

Duration  of  the  Tests.  The  experiments  on  chemical  pre- 
cipitation were  begun  on  August  16,  1904,  and  were  continued 
until  November  22,  1904,  on  which  date  they  were  discontinued. 

REMOVALS  OF  SUSPENDED  AND  DISSOLVED  MATTERS  BY 

CHEMICAL  PRECIPITATION. 

In  the  lime  and  iron  process  the  removals  of  suspended 
matter  ranged  between  43  and  56  per  cent.,  and  averaged  52  per 
cent.  In  the  sulphate  of  alumina  process  the  removals  of  sus- 
pended matter  were  equal  to  74  per  cent,  on  an  average.  In 
this  connection  it  will  be  well  again  to  point  out  that  screened 
and  partially  settled  sewage  was  applied  to  these  tanks. 

Eegarding  the  removal  of  dissolved  matter,  both  the  lime 
and  iron  and  the  sulphate  of  alumina  treatments  removed  about 
11  per  cent,  of  the  dissolved  volatile  matters.  The  relative  effi- 
ciency of  chemical  precipitation  and  plain  sedimentation  in  the 
preparatory  treatment  of  the  local  sewage  under  the  conditions 
actually  practiced  is  well  shown  by  the  following  table  of  sum- 
marized results.: 
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Comparative  Bemovals  of  Suspended  and  Dis- 
solved Matters  by  Chemical  Precipi- 
tation and  Plain  Sedimentation. 


Tank 

Plain 

Settling  Tank 

A. 

Chbmical 

Ppecipitation 

Tank  A. 

Chemical    . 
Precipitation 
Tank  B- 

Appwed  Chsmicai, 
Grains  per  {V'^^-' 

•  •    •    • 

•  •    •    • 

•  ft    •    • 

5.87 
5.00 

•   •  •  • 

•    •    •    •' 

5^10 

Average  Results 

Parts  Per  Million 

Influent 

Effluent 

Influent 

Effluent 

Influent 

Effluent 

Suspended  \  vol^Jv  ^  •  • 
Matter...  j^^-;;^-;; 

Dissolved    fv°i^l"i 
Matter...     y,olaule... 

I.  Mineral. . . 

135 
62 
75 

838 
125 
713 

66 
36 
30 

841 
114 

727 

145 
60 

85 

838 
115 

723 

70 
29 
41 

849 
102 

747 

152 
58 
94 

840 
111 

724 

39 
11 
28 

837 
103 
534 

Percentage  Removal 

Suspended  \  y^laiiie' ' 
Matter...  i^«?l-*;l-:; 

""MatteT"  }  v^ialiie; : ; 

***"«='^--|  Mineral... 

5 
4 

5 

1 
2 
9 

0 
9 
2 

5 
5 

5 

1 

2 
2 
2 

1 
1 
3 

74 
81 
70 

0 
11 

-1 

Note:  Period  of  Te'st,  Aug-ust  16-Novettiber  21. 1904,  inclusive.  Period  of  flow 
in  each  of  the  tanks,  8  hours.  Velocity  of  flow  in  each  of  the  tanks,  0.42  m.  m.  per 
second. 


BACTERIAL  EFFICIENCY  OF  CHEMICAL  PRECIPITATION  TANKS. 

Under  favorable  conditions  in  other  places  very  substan- 
tial removals  of  bacteria  have  resulted  from  the  chemical  precip- 
itation treatments  employed  during  these  tests.  Bacterial 
growths,  however,  are  always  a  factor,  especially  in  warm  weath- 
er. In  Chemical  Precipitation  Tank  B,  wherein  sulphate  of  al- 
umina was  used  as  a  coagulant,  about  42  per  cent,  of  the  bacteria 
contained  in  the  applied  sewage  were  removed  on  an  average.  In 
the  lime  and  iron  tank,  however,  owing  to  inferior  coagulation 
and  growths  within  the  tank  negative  bacterial  removals  were 
recorded  on  an  average. 


^ 


136 


REPORT  ON  SEWAGE  PURIFICATION 


RECORDS  OF  GENERAL  EFFICIENCY  OF  CHEMICAL  PRECIPITATION. 

In  the  following  table  there  are  summarized  all  of  the  re- 
sults of  analyses  of  samples  of  the  influents  and  effluents  of  the 
chemical  precipitation  tanks.  In  this  table  the  superiority  of 
sulphate  of  alumina  over  lime  and  iron  under  the  existing  con- 
ditions is  clearly  shown. 

The  local  sewage  with  its  high  and  varying  content  of  free 
carbonic  acid,  lime  and  magnesium  is  an  unusually  difficult  one 
to  treat  with  lime  and  copperas.  By  watching  it  with  sufficient 
care  the  process  can  be  made  applicable  to  local  conditions,  but 
the  labor  required  exceeded  the  facilities  of  this  station  where 
other  matters  were  of  more  importance.  Accordingly,  after 
having  established  certain  general  principles  outlined  beyond 
the  next  table,  these  tests  were  abandoned. 


Chemical  Precipitation  o5  a  Preparatory  Sewage  Treatment. 

Periods  of  j  Chemical  Precipitation  Tank  A,  Aug.  16  to  Nov  24. 
Operation:  /  Chemical  Precipitation  Tank  B,  Aug.  16  to  Nov.  24. 


Parts  per  Mii,i.ion 

Per. 

REM( 

CENT 

1 

DYED 

Influent 

Eflauent 

Chemical  Precipitation  Tank 

A* 

B** 

A 

B 

A 

B 

Constituents  — 

Total  nUm)^'**'  f>"f   aaTfiTil#».<a 

22 

24 

22 

24 

Oxygen  C 
Nitrogen 

ONSUMED 

45 

8.7 
12.5 

48 

8.9 
12.5 

34 

5.8 
12.0 

27 

5.0 
12.1 

24 

33 

4 

44 

AS  \  ^^ffanic 

*  \  Free  ammonia 

44 
3 

r              (  Total 

983 

992 

919 

876, 

7 

12 

Total  <  Dissolved . 

838 

840 

849 

837 

-1 

0 

(  Suspended 

145 

152 

70 

39 

52 

74 

Residue 

C\J^ 

Tr^i.    (Total 

176 

174 

131 

114 

26 

35 

„                   ^    *"***"-^  Dissolved  . 

115 

116 

102 

103 

11 

11 

Evapora- 

*"'^  (  Suspended 

61 

58 

29 

11 

52 

81 

tion 

f  Total 

806 

817 

787 

761 

2 

7 

Fixed  <J  Dissolved . 

721 

723 

746 

733 

-3 

-1 

t  Suspended 

85 

94 

41 

28 

52 

70 

Bacteria  per  c.  c.  (millions)... . 

3.8 

3.3 

4.5 

1.9 

-18 

42 

"'Lime  applied  equal  to  5.87  grains  per  g-allon. 
Iron  applied  equal  to  5.00  g-rains  per  ^-allon. 
"'"^nlphate  of  alumina  applied  equal  to  5.10  g-ratns  per  gallon. 
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AMOUNT  AND  COMPOSITION  OF  THE  SLUDGE  DEPOSIT- 
ED  IN    CHEMICAL   PRECIPITATION    TANKS. 

In  the  following  table  are  contained  the  summarized  re- 
sults of  measurements  and  analyses  of  the  sludge  deposited  in 
the  chemical  precipitation  tanks  during  the  tests.  From  the 
amount  of  deposit  per  million  gallons  in  the  tank  wherein  lime 
and  iron  were  used  as  precipitants,  it  is  of  course  apparent  that 
on  the  average  insufficient  chemicals  were  being  applied,  thus 
accounting  not  only  for  the  unsatisfactory  results  but  also  for 
the  low  sludge  deposit.  During  a  special  experiment  of  short 
duration  in  November,  1904,  the  amount  of  lime  was  increased 
until  practically  all  of  the  free  and  half -bound  carbonic  acid  in 
the  sewage  was  neutralized.  About  20  grains  per  gallon  were 
added  to  effect  this  result.  A  very  satisfactory  clarification 
ensued,  but  the  sludge  deposit  amounted  to  20  tons  of  88  per 
cent,  sludge  per  million  gallons  of  sewage  treated. 

The  sludge  deposit  in  the  tank  where  sulphate  of  alumina 
was  employed  had  over  95  per  cent,  water  as  against  about  89 
per  cent,  in  the  case  of  the  lime  and  iron  sludge. 
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Amount  and  Composition  of  the  Sludge  Deposit  in 
Chemical  Precipitation  Tanks, 

(Averag-e  Results.) 


TANK 


Velocity  of  ffow,  m,  m.  per  second 
Period  of  flow  —  hours 


Total  amount  sewag^e  treated  —  million  g^^ls. 


Q 
P  5 

Ph   < 
CO  «^ 


(^  Volatile  i  ^"fluent 
Parts  per  |  ^^latue^  Effluent. 


Chemical 

Precipitatioti 

Tank  A* 


< 


M11.1.1ON    1^.  J  j  Influent 

I  ^'"^'^^M  Effluent 


PER  CE^T.  REMOVED  j  ^^f^^^'^^' 


Tons  of  Sludge  (         

Deposit  per      \                       .  Total 
Mii,i,iON  Gai,i,ons     Dry  S01.IDS  ]  v  1%1 

Cubic  yards  wet  sludge  per  million  gallons. . . 

Per  cent,  water  in  sludge 

Per  cent,  volatile  matter  in  dry  solids. 


Chemical 

Precipitation 

Tank  B** 


0.42 

8 

3.6 

58 
11 

94 

28 

81 
70 

7.77 

0.36 
0.18 

8.8 

95.4 

50.7 


*Lime  and  iron  used  as  coagulant.       **Sulphate  of  alumina. 

COMMENTS  ON  THE  EFFICIENCY  OF   CHEMICAL  PRECIPITATION. 

The  principal  features  to  note  in  connection  with  the  above 
results  are  that  the  removals  were  not  greatly  in  excess  of  those 
accomplished  by  plain  sedimentation,  especially  with  reference 
to  the  suspended  matter  removed.  This,  however,  was  due  in 
part  to  an  inadequate  degree  of  coagulation  which  is  a  character- 
istic feature  of  most  chemical  precipitation  plants  in  practice 
and  which  it  is  difficult  and  expensive  to  overcome  entirely  when 
results  of  operation  are  viewed  from  the  standpoint  of  thorough 
clarification  of  the  sewage.  This  statement  was  in  harmony 
with  a  number  of  special  tests  where  for  24  hours  or  more  at  a 
time  great  effort  was  made  to  make  the  coagulation  uniformly 
complete. 
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The  efforts  to  clarify  this  sewage  so  far  as  the  coarser  mat* 
ters  are  concerned  may  be  said  to  offer  practically  nothing  new 
as  regards  the  ordinary  operation  of  chemical  precipitation 
tanks.  The  data  are  valuable  however  in  showing  that  the  use 
of  chemical  precipitants  to  remove  fine  suspended  matter,  or 
tjvhat  may  be  called  colloids,  is  not  a  satisfactory  or  practical 
procedure  when  the  chemicals  are  applied  directly  to  the  sewage 
of  the  grit  chamber.  In  other  words,  the  tests  made  at  Colum- 
bus  show  clearly  that  if  the  fine  sub-microscopic  particles  were 
to  be  removed  prior  to  filtration  it  is  first  necessary  to  deposit 
the  coarser  suspended  material  and  then  coagulate  the  fine  par- 
ticles along  the  same  line  as  was  first  developed  in  the  treatment 
of  the  muddy  Ohio  River  water  at  Louisville. 

The  second  point  upon  which  valuable  information  was 
obtained  in  connection  with  chemical  precipitation  refers  to  the 
conditions  under  which  the  coagulated  masses  can  be  deposited 
by  subsidence.  It  was  found  that  the  8  hour  period  was  quite 
too  short  because  it  allowed  some  of  the  hydrate  to  pass  from  the 
precipitation  tanks  on  to  the  sand  filters.  This  caused  a  serious 
clogging  and  showed  that  this  aspect  of  the  problem  was  quite 
similar  to  coagulation  of  muddy  river  water  by  sand  filtration. 
Such  investigations  at  Cincinnati  and  New  Orleans  demonstrat- 
ed that  the  sedimentation  period  following  the  application  of  a 
coagulant  should  be  at  least  24  hours. 


Section  6. 

COKE    STRAINERS. 

The  efficiency  of  coke  strainers  in  the  preparatory  treat- 
ment of  the  local  sewage  was  studied  in  two  circular  tanks,  one 
of  which  (Strainer  A)  was  located  inside  the  East  Gallery,  and 
protected  from  the  elements,  and  the  other  (Strj^iner  B)  located 
outside  the  North  Gallery,  was  uncovered  and  protected  in  no 
way  whatever.  Both  strainers  were  constructed  alike  and  con- 
tained a  layer  18  inches  thick  of  crushed  coke  free  from  dust, 
the  particles  averaging  about  0.25  inch  in  size,  being  supported 
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by  a  12-inch  layer  of  graded  gravel  underdrains.  The  area 
of  Strainer  A  was  130  square  feet  (0.003  acre),  and  that  of 
Strainer  B  was  43.5  square  feet  (0.001  acre).  The  effluent  of 
the  grit  chamber  was  applied  to  both  strainers. 

From  August  16th  to  September  30,  1904,  inclusive,  these 
beds  were  continuously  operated  for  7  days,  followed  by  a  rest 
on  every  eighth  day.  After  October  1st,  1904,  the  beds  were 
alternately  operated  and  rested  for  12-hour  periods.  Extreme 
cold  weather  sometimes  necessitated  the  continuous  operation  of 
Strainer  B  to  prevent  freezing  of  the  filtering  ma- 
terial. When  in  operation  the  surface  of  the  filtering  medium 
was  submerged  to  a  depth  of  about  2  inches,  this  depth  being 
kept  constant  by  regulation  of  the  effluent  valve.  The  rates  of 
application  of  sewage  to  these  beds  was  controlled  by  an  adjusta- 
ble orifice  on  the  inlet  pipe. 

The  nominal  rates  of  filtration  were  3.0  and  1.5  million 
gallons  per  acre  daily  for  Strainers  A  and  B,  respectively.  The 
actual  net  rates  were  2.74  and  1.46,  respectively.  Strainer  A 
was  put  out  of  service  on  February  1  and  Strainer  B  on  May 
31,  1905. 

RESULTS  ACCOMPLISHED  BY  COKE  STRAINERS. 

In  the  appendices  are  to  be  found  detailed  results  of  analy- 
ses of  the  influents  and  effluents  of  the  coke  strainers.  In  the 
following  tables  there  are  presented  certain  summarized  data 
showing  in  a  comparable  way  the  results  accomplished  by  the 
two  strainers  during  the  total  period  of  their  operation. 

Results  of  Analyses, 

The  monthly  average  results  of  analyses  of  the  influents 
and  effluents  of  the  coke  strainers  are  recorded  in  the  following 
tables : 
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Percentages  of  Removal  hy  Coke  Strainers  A  and 

B  of  the  Several  Constituents  of 

the  Applied  Sewage, 


MONTH 

1904-5 


Coke  Strainer  A  — 

August 

September. . 

October 

November . . 
December  . . 
January. . . . 

Averag"e 

Coke  Strainer  B  — 

Aug-ust 

September.. 

October 

November . . 
December  . . 

January 

February. . . 

March 

April 

May 

Average 


o  ^ ,« 

OOgj 
»       < 

J  5C  « 

2  ®  > 

p  h< 


as  ^ 

a  M  ^ 


72 
72 
144 
132 
132 
120 


672 


48 

72 

156 

144 

156 

156 

288 

312 

60 

48 


1440 


(A 

O  J 

p  H 
<! 

^« 
H  > 

o< 
H 


3 

3 

12 

11 

< 

11 
10 


50 


2 

3 

13 

12 

13 

13 

12 

13 

4 

4 


89 


o 
u 

H  U 

>^  en 
O 


PERCENTAGE  REMOVAI, 


Nitrogen 

AS 


a 
ti 
bo 

O 


< 

Qi 

U 


'5 
o 

8 


45 

-20 

35 

-14 

46 

-19 

42 

-6 

31 

0 

49 

-21 

43 

-11 

75 

-28 

55 

-13 

41 

-2 

47 

8 

49 

-2 

66 

11 

61 

-19 

58 

-10 

78 

-18 

55 

-52 

55 

-5 

27 
-4 
2 
11 
32 
16 


13 


-14 
-8 
48 
56 
54 
59 
31 
45 
36 
10 


45 


Suspended 
Matter 


c 


87 
92 
65 
63 
60 
59 


64 


89 
70 
78 
76 
73 
84 
79 
87 
90 
86 


81 


o 
>. 


94 
51 
64 
59 
49 


58 


92 
84 
80 
81 
76 
87 
79 
88 
86 
88 


84 


u 

V 

s 


83 
77 
61 
61 
68 


68 


76 
60 

75 
70 
72 
83 
79 
85 
92 
85 


81 


H 
H 

U 

< 


14 
33 

25 

8 

47 

22 


30 


42 

42 

22 

9 

13 

33 

-12 

-23 

-78 

18 


25 
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Summarized  Results  to  Show  in  a  Compara- 
ble way  the  Relative  Efficiency  of 
Coke  Strainers  Operated  at 
Different  Rates, 


Period 
1904-5 

Average  Net  Rate 
OF  Filtration  — 
Million  Gallons 
PER  Acre  Daily 

Total  Number  of 
Samples   Aver- 
aged 

Percentage  Removai. 

M 

< 

H 

Oxygen  Con- 
sumed 

NiTBOGEN   AS 

Suspended  Maitee 

M 

H 
M 
0 
U 

Or- 
ganic 

Free 
Am- 
monia 

Total 

Vola- 
tile 

Min- 
eral 

H 
U 

A.. 
B.. 

Aug.  17 

to 
Feb.    1 

2.71 
1.51 

50 
56 

13 

51 

42 
53 

-19 

-21 

63 

78 

58 
80 

68 

75 

40 

32 

Percentage  of  Remowal  by  Comparable  Periods  Referred  to  Crude  Sewage,  Show- 
ing the  Combined  Efficiency  of  the  Grit  Chamber  and  the  Coke  Strainers. 


A.. 

Aug.  17 
to 

2.71 

51 

49 

-14 

-14 

75 

69 

80 

60 

B.. 

Feb.   1 

1.51 

56 

57 

-26 

-52 

85 

85 

85 

55 

GENERAL  COMMENT  ON  THE  EFFICIENCY  OF  COKE  STRAINERS. 

Effect  of  Freezing  Temperatures.  The  normal  operation  of 
Strainer  B,  located  in  the  open,  was  not  seriously  interfered 
with  by  cold  weather  during  the  tests.  The  outlet  of  this 
strainer  was  so  trapped  that  the  surface  of  the  coke  layer  was 
always  submerged.  The  sewage  which  stood  over  the  bed  was 
frozen  over  several  times  during  the  winter,  but  never  to  a 
depth  sufficient  to  interrupt  the  normal  operation  of  the  strainer. 

Development  and  Persistence  of  Septic  Action.  Septic 
action  developed  in  both  the  strainers  soon  after  they  were 
initially  started  and  persisted  therein  with  varying  intensity 
until  the  beds  were  shut  down  for  the  last  time.  Although  the 
beds  were  drained  and  allowed  to  rest  for  12  hours  each  day 
on  the  regular  schedule  of  operation,  these  rests,  as  well  as 
others  where  several  consecutive  days  were  allowed,  did 
not  result  in  the  destruction  of  this  action  in  the  beds,  or  even 
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in  a  marked  diminution  thereof.  Evidences  of  the  extent  of  the 
septic  action  which  obtained  in  these  beds  are  shown  by  the  in- 
crease in  the  amount  of  free  ammonia  in  the  sewage  during  its 
passage  through  the  beds.  Certain  results  of  this  character  are 
presented  in  the  following  table : 

Increase  in  the  Free  Ammonia  of  the  Seivage  During 
Its  Passage  Through  Coke  Strainers. 


Month 
1904-5 

Percentage  Increase  in 
Free  Ammonia 

Strainer  A 

Strainer   B 

August 

September 

October 

November 

December 

January  ....... 

February  

March 

April 

20 
14 
20 
6 
0 
21 

•  • 

•  • 

•  • 

28 
13 

2 
-8* 

2 

-11* 

19 

10 

21 

May 

52 

*  Decrease.    Septic  action  presumably  retarded  owing 
to  low  atmospheric  temperatures. 


Comparative  Increase  in  the  Free  Ammo7ua  of  the 
Sewage  During  Its  Passage  Through  Septic  Tanks  and  Coke 
Strainers.  Reference  to  the  tables  of  results  which  have  al- 
ready been.presented  in  this  chapter  will  show  that  the  increases 
in  the  free  ammonia  of  the  sewage  during  its  passage 
through  septic  tanks  and  coke  strainers  are  in  a  general  way 
the  same,  but  slightly  more  marked  in  the  case  of  the  strainers. 

Odor.  At  all  times  during  their  operation  there  was  a  pro- 
nounced odor  of  sulphureted  hydrogen  about  .the  discharge 
pipes  in  the  coke  strainers.  The  cause  of  this  was  presumably 
due  to  the  fact  that  the  intimate  contact  under  highly  anaerobic 
conditions  of  the  sludge  in  the  coke  layer  and  the  applied 
sewage  causing  a  formation  of  the  gas  from  the  decomposition  of 
the  organic  matter  present,  and  perhaps  from  the  partial  reduc- 
tion of  the  sulphur  in  the  coke  and  the  sulphates  in  the  applied 
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sewage.  The  amount  of  hydrogen  sulphide  thus  formed  was  in 
such  relatively  large  amounts  that  the  iron  in  the  sewage  and  the 
sludge  was  insufficient  to  hold  the  gas  as  iron  sulphide  as  was 
probably  the  case  in  the  septic  tanks. 

Removal  of  the  Suspended  Matter,  As  would  be  expected 
the  removal  of  suspended  matter  in  the  coke  strainers  was  much 
greater  than  was  effected  by  plain  sedimentation.  On  the 
average  about  47  per  cent,  of  the  suspended  matter  in  the 
grit  chamber  effluent  was  removed  by  adequate  subsidence, 
as  shown  in  Sections  2  and  3  of  this  chapter.  Coke 
Strainers  A  and  B  removed  on  an  average  64  and  81  per  cent. 
01  the  suspended  matter  in  the  effluent  of  the  grit  chamber,  th*e 
higher  efficiency  of  Strainer  B  in  this  regard  being  due  to  the 
lower  rates  at  which  this  bed  was  operated.  The  average 
residual  amounts  of  suspended  matter  in  the  effluents  of  Coke 
Strainers  A  and  B  were  50  and  28  parts  per  million,  respectively. 
Further  details  may  be  noted  from  the  next  table. 

Concerning  the  Fluctuating  Efficiency,  Although  on  the 
average  the  Strainers  showed  a  high  efficiency  in  the  re- 
moval of  suspended  matters  certain  idiosyncracies  which 
they  display  in  operation  were  responsible  at  times  for  tempor- 
ary deterioration  of  the  effluent.  The  process  of  operation  of 
coke  strainers  as  noted  during  the  tests  may  be  outlined  as  fol- 
lows to  illustrate  the  point :  The  surface  of  the  coke  layer  grad- 
ually became  clogged  with  suspended  matter  until  it  finally 
broke  through  in  one  or  more  places  and  there  was  ultimately 
formed  at  a  lower  level  another  stratum  which  served  the  pur- 
pose of  the  original  surface  of  the  bed.  This  operation  was  re- 
peated several  times  until  thei  entire  layer  became  clogged, 
necessitating  the  removal  of  the  material  in  the  bed.  When  these 
breaks  occurred,  the  sewage  passed  downward  through  the 
strainer  at  a  high  rate  of  speed  in  certain  vertical  channels  of 
small  area,  and  until  these  channels  became  clogged  and  the 
sewage  spread  over  a  larger  area  the  effluent  deteriorated  sharp- 
ly  as  would  be  expected.  This  feature  was  of  course  more 
marked  in  the  case  of  Strainer  A  operated  at  roughly  twice  the 
rate  of  Strainer  B. 
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Removals  of  Fats.  Analysis  of  the  surface  layers  of  the 
sand  filters  receiving  the  effluent  of  the  strainers  showed  that 
about  one- fourth  the  amount  of  fats  contained  in  the  effluents 
of  septic  and  settling  tanks  were  contained  in  the  effluents  of 
the  coke  strainers.  The  amounts  of  fatty  matters  in  the 
effluent  of  the  coke  strainers  averaged  about  5  parts  per 
million,  and  the  removal  of  fats  from  the  applied  sewage  effected 
by  the  strainers  was  equal  to  about  72  per  cent.,  or  figured  back 
to  the  crude  sewage  about  77  per  cent,  as  the  combined  removal 
effected  by  the  grit  chamber  and  coke  strainers. 

Removal  of  Bacteria.  On  the  average  the  removal  of 
bacteria  from  the  applied  sewage  effected  by  the  strainers  was 
30  and  25  per  cent.,  respectively,  in  the  case  of  Strainers  A  and 
B.  The  removals  varied  widely,  due  to  the  causes  related  above 
in  connection  with  the  fluctuating  efficiency  of  coke  strainers, 
and  due  to  growths  which  doubtless  took  place  in  the  coke  layer. 

FREQUENCY  OP  NECESSARY  SCRAPINGS. 

The  strainers  were  always  kept  in  operation  until  the  loss 
of  head  was  equal  to  3  feet,  when  they  were  drained  and  the 
clogged  surface  layer  scraped  off.  Strainer  A,  in  service  from 
August  16,  1904,  to  February  1,  1905,  was  scraped  on  three 
such  occasions  and  the  entire  layer  removed  on  February  1, 
1905,  the  periods  between  scrapings  being  63,  30,  53  and  13 
days.  Strainer  B,  in  service  from  August  16,  1904,  until  June 
1,  1905,  was  scraped  twice  after  periods  of  service  of  228  and 
44  days.  On  June  1  it  was  necessary  to  remove  the  entire  layer 
after  17  days'  operation  following  the  last  scraping.  The  aver- 
age daily  net  yields  of  Strainers  A  and  B  for  the  entire  period 
of  tests,  were  2,740,000  and  1,460,000  gallons  per  acre,  respec- 
tively. 

Records  of  these  several  periods  between  cleanings,  includ- 
ing results  of  analyses,  are  given  in  the  following  table : 
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FEATURES  RELATIVE  TO  THE  LIFE  OF  COKE  STRAINERS. 

Before  the  close  of  the  tests  the  strainers  had  both  been  run 
to  a  point  where  the  removal  of  the  entire  bed  was  necessary,  as 
indicated  by  the  rapidly  diminishing  length  of  periods  follow- 
ing removals  of  the  clogged  material  from  the  surface  of  the 
beds.  On  February  1,  1905,  Strainer  A,  and  on  June  1,  1905, 
Strainer  B  were  put  out  of  service  and  the  material  removed. 
From  top  to  bottom  the  coke  layer  was  found  to  be  matted  to- 
gether by  a  thick*  gelatinous  deposit .  An  analysis  of  this 
material  is  presented  further  on  in  this  section. 

Judging  from  data  as  have  been  obtained  it  appears  to  be 
quite  certain  that  the  length  of  life  of  a  coke  strainer  varies 
in  a  quite  intimate  way  with  the  quantity  of  suspended  matter 
applied  to  it.  Strainers  A  and  B,  both  operated  until  it  was 
necessary  to  remove  the  entire  coke  layer,  although  yielding 
different  quantities  of  sewage,  daily  passed  a  total  of  456.5  and 
421.0  million  gallons  per  acre,  respectively,  during  the  entire 
run.  The  total  amounts  of  suspended  matter  applied  to  these 
beds  during  the  run  were  265  and  263  tons  per  acre  per  million 
gallons,  respectively,  of  which  17  and  19  per  cent.,  respectively, 
was  deposited  at  the  surface  of  the  beds  and  subsequently  re- 
moved by  scraping;  44  and  57  per  cent,  of  the  applied  solid 
matter  was  retained  in  the  body  of  the  Strainers  A  and  B,  re- 
spectively; and  36  and  19  per  cent.,  respectively,  passed  out  in 
the  effluents.  A  table  showing  summarized  results  of  leading 
data  regarding  the  operation  of  the  strainers  follows: 
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Summary  of  Leading  Data. on  the  Operation  of 

Coke  Strainers. 


Period  of  service.     (1904-5) 

Total  g-allons  of  sewage  treated  per  acre 

Averag-e  daily  net  yield  in  g-allons  per 
acre 

Number  of  times  bed  was  scraped 

Cubic  yards  of  wet  sludge  thus  removed 
per  million  gallons 

Tons  of  Dry  So/ids  per  Acre  for  Period 

In  applied  sewage 

Removed  by  strainer 

Subsequently  removed  from  surface 

of  beds 

Subsequently  found  in  the  body  of 

the  strainer 

Presumably  dissolved  through  septic 

action. . , 

Passed  out  in  the  effluent 


Strainer  A 


Aug.  17-Feb.  1 
457,460,000 

.    2,740,000 

3 

0.46 


265 
169 

45 

117 

3 
96 


Strainier  B 


Aug.  17-May31 
421,000,000 

1,460,000 

2 

0.55 


263 
213 

49 

151 

10 
BO 


VOLUME    OF    CLOGGED    MATF^RTATi    REMOVED. 

Previous  to  the  removal  of  the  entire  coke  layer  at  the  end 
of  the  tests  the  amounts  of  clogged  material  removed  from  Coke 
Strainers  A  and  B  amounted  to  212  and  237  cubic  yards  per 
acre,  respectively.  This  amount  plus  that  removed  at  the  close 
of  the  tests  on  these  devices  was  equal  to  2,420  cubic  yards  per 
acre.  The  total  amount  of  material  removed  per  million  gallons 
of  sewage  treated  during  the  entire  run  of  these  strainers,  there- 
fore, was  equal  to  5.3  cubic  yards  iq  the  case  of  Strainer  A  and 
5.7  cubic  yards  IQ  the  case  of  Strainer  B. 

COMPOSITION  OF  THE  SLUDGE  REMOVED. 

In  the  following  table  there  is  given  an  average  analysis  of 
the  sludge  removed  from  the  surface  and  from  the  body  of  the 
coke  straiQers.    Individual  analysis  showed  little  difference  be- 
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tween  the  composition  of  the  sludge  from  the  surface  and  that 
contained  in  the  body  of  the  Strainers. 

Average  Analysis  of  Wet  Sludge  From  Strainers, 

(From  which  the  particles  of  coke  had  been  removed.) 


Constituents 


Water 

Solids 

Volatile  matter 

Nitrogen 

Fats 

Total  iron  (Fe) 

j.ron  sulphide  (FeS) 

Iron  not  as  sulphide  (Fe) 

Bacteria  per  gram  (millions). . . 
Gas  formers  per  gram  (millions) 


Per  Cent. 
BY  Weight 


77.60 

22.40 

5.40 

0  41 

1  01 
0.52 
0.46 
0.23 

330.00 
6.00 


CHANGES  EFFECTED  IN  THE  CHARACTER  OF  THE  SLUDGE 
BEFORE  AND  AFTER  SEPTICIZATION. 

• 

The  effect  on  the  composition  of  the  sludge  deposit  of  the 
septic  action  which  normally  obtained  in  the  strainers  is  well 
shown  by  the  varying  relation  of  volatile  to  total  suspended  mat- 
ter in  the  applied  sewage  and  in  the  sludge  deposited  in  the 
strainers.  In  the  sewage  and  effluent  of  the  strainers  the  volatile 
suspended  matter  constituted  approximately  40  per  cent,  of  the 
total  suspended  matter,  while  in  the  sludge  deposit  the  volatile 
matter  was  equal  to  only  abput  27  per  cent,  of  the  total. 

FEASIBILITY  OF  BURNING  CLOGGED  COKE. 

As  a  method  of  disposal  of  the  clogged  material  removed 
from  coke  strainers  the  most  profitable  way  appears  to  be  to 
burn  it  beneath  boilers.  Experiments  on  the  feasibility  of  re- 
claiming the  coke  by  washing  showed  clearly  that  such  a  thing 
would  not  be  practicable. 

To  adapt  the  clogged  coke  for  fuel  would  require  its  mix- 
ing with  other  fuel,  or  that  it  be  dried  to  a  certain  extent.  The 
time  required  for  this  would  be  no  inconsiderable  feature.  When 
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the  material  amounting  to  about  7  cubic  yards  was  removed  from 
Strainer  A  in  February,  1905,  it  was  spread  upon  land  in 
varying  thicknesses  ranging  from  0.5  to  2  feet.  The  shallower 
layers  dried  out  satisfactorily  in  less  than  a  week,  but  the  layers 
2  feet  in  thickness  required  fully  a  month.  The  time  required 
for  this  material  to  dry  out  is  obviously  a  function  of  the  thick- 
ness of  the  layer  and  weather  conditions. 

Another  feature  relating  to  the  drying  out  of  clogged  coke 
refers  to  the  very  objectionable  odor  emanating  from  the  ma- 
terial during  the  process  of  reducing  the  organic  matter  to  a 
stable  humus  form.  From  the  small  quantity  referred  to 
the  odor  was  exceedingly  offensive  for  several  weeks,  and  was 
clearly  noticeable  at  a  distance  of  200  yards. 


Summary. 

A  full  comparative  summary  of  the  several  preparatory 
treatments  can  hardly  be  given  to  advantage  without  the  experi- 
ences obtained  in  filtering  their  several  effluents.  Hence  the 
reader  is  here  referred  to  Chapter  VII.,  in  which  a  terse  final 
summary  is  given. 

It  is  desirable,  however,  to  present  here  a  comparison  of 
representative  average  results  based  on  the  application  of  raw 
(screened)  sewage  to  each  device  as  follows: 

Average  Removal  of  Suspended  Matter  by  the 
Several  Preparatory  Treatments. 


Kind  of. Treatment 

Nominal 
Capacity  in 
Hours' Flow 

Percentage  Removal  of 
Suspended  Matter 

Total 

Volatile 

Grit   Chamber  (Plain   sedi- 
mentation at  hig^h  veloci- 
ties)   

0.3 
1.5 
6  0 
8.0 
8.0 
16.0 
24.0 
8.0 

•   •    •    • 

22 
34 
63 
66 
61 
66 
67 
81 
80 

19 

do                do 

Plain  sedimentation 

do               do          ...... 

Septic  tanks 

do         do     

29 

54 
58 
51 
60 

do         do 

♦Chemical  precipitation .  . . 
**Coke  strainers 

62 
88 

77 

*Data  in  this  and  followincr  tables  obtained  with  sulphate  of  alumina. 
"'"'Data  in  this  and  following-  tables  are  an  averag-e  for  Strainers  A  and  6. 
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Average  Removal  of  Total  Organic  Matter  by  the 
Several  Preparatory  Treatments, 


«i 


KiNr  OF  Treatment 

Nominal 
Capacity  in 
Hours*  Flow 

Percentage  Removal  of 
Total  Organic  Matter 

Nitrogenous 

Carbonaceous 

Grit  Chamber  (Plain  sedi- 
mentation at  hig-h  veloci- 
ties)    

0.3 
1.5 
6  0 
8.0 
8.0 
16.0 
24.0 
8.0 

10 
19 
30 
31 
29 
35 
36 
53 
53 

6 

do               do 

Plain  sedimentation 

do               do        

Septic  tank 

15 
26 
31 

24 

do        do 

32 

do        do  

36 

Chemical  precipitation. . . . 
Coke  strainers 

52 
33 

Bacterial  growths  interfered  with  the  data  as  to  the  percent- 
age of  removal  of  the  bacteria  actually  entering  each  device, 
except  the  grit  chambers.  In  the  original  grit  chamber,  holding 
an  average  flow  of  about  1.5  hours,  the  removal  of  bacteria  was 
substantially  the  same  as  that  of  the  total  suspended  matter.  As 
already  stated  general  evidence  indicates  that  this  statement  is 
approximately  true  of  the  other  devices,  notwithstanding  the 
fact  that  in  some  cases  the  growth  of  bacteria  within  the  tanks 
entirely  disguised  the  removal  of  a  portion  of  those  entering  with 
the  influent. 

As  to  average  sludge  accumulation  and  removal  it  is  well  to 
bear  in  mind  that  the  raw  sewage  on  an  average  contains  total 
suspended  matter  or  sludge  to  the  extent  of  about  210  parts  per 
million  gallons  or  about  7.5  cubic  yards  of  wet  sludge  (87  per 
cent,  water)  per  million  gallons.  This  per  cent,  of  water  was 
the  average  figure  for  the  plain  sedimentation  tanks ;  83  per 
cent,  was  obtained  from  the  shallow  grit  chamber,  and  85  per 
cent,  from  the  septic  tanks. 

All  of  the  data  in  the  following  table  refer  to  raw  (screened) 
sewage  as  the  influent  to  the  devices.  The  results  as  to  residual 
sludge  removal  for  coke  strainers  include  the  clogged  coke  itself. 

Of  the  deposited  solid  matter  in  the  septic  tanks  50  per  cent, 
on  an  average  was  liquified.  This  degree  of  liquifaction  de- 
creased of  course  in  winter  and  increased  in  summer. 


SUMMARY   OF  PREPARATORY   TREATMENT 


153 


Average  Results  Shomng  the  Accumulation  and  Removal 
of  Sludge  From  the  Several  Preparatory  Treatments, 


Kind  of  Treatment 


<3rit  chamber 

do        do       

Plain  sedimentation . . . . 

Septic  tanks 

Chemical  precipitation. . 
Coke  strainers 


Nominal 

Capacity 

IN  Hours' 

Flow 


0.3 
1.5 
6  8 
8-24 
8 


Pbr  Cent. 

OF 

Water 

IN 

Sludge 


83 
87 
87 
85 
92 


Total  Yards  Wet  Sludge 
PER  Million  Gallons 


Originally 

Finally 

Deposited 

Removed 

•      1.76 

1.76 

2  55 

2.55 

5.75 

5.75 

5.75 

2.68 

11.40 

11.40 

1.00± 

5.5 

REMOVAL   OF   FATS   BY   THE   SEVERAL   PREPARATORY 

TREATMENTS. 

To  facilitate  comparison,  the  results  upon  the  removal  of 
fats  obtained  during  June,  1905,  are  shown  in  the  following 
table,  referring  the  data  to  the  crude  (screened)  sewage: 


Percentage  Removal  of  Fats  in  Crude  (Screened)  Sewage 

by  Settling  and  Septic  Tanks. 


DEVICE 

Fats  —  Parts  per  Mii^uon 

June,  1905 

6 

13 

24 

29 

Average 

Petr  Cent. 

Removed 

(Average) 

Crude  Sewage 

Grit  Chamber  

24 
18 

9 
12 

8 

•  • 

11 
10 

22 
15 
12 
12 
10 
13 
19 
21 

17 

14 

14 

8 

4 

6 

18 

17 

24 
23 
10 
14 
13 
8 
21 
21 

22 
18 
11 
12 
9 
9 
17 
IS 

•    • 

18 

Plain  Settling  Tank  A. 
Septic  Tank  C 

50 

45 

**     A 

"          *»      B 

**         ♦*     D         

59 
59 

23 

**         **     E 

32 

Note.— Samples  of  the. crude  (screened)  sewage  were  collected  half-hourly;  all 
others  hourly.    Samples  mixed  at  intervals  of  1,  7,  11  and  5  days  respectively. 


Chapter  IV. 


Treatment  of  Columbus  Sewage  by  Sand  Filters. 


The  chief  features  embodied  in  the  investigations  of  sand 
filters  were  the  efforts  to  compare  in  a  practical  way  the  benefits 
derived  from  various  preparatory  treatments,  especially  from 
the  standpoint  of  as  high  rates  of  filtration  as  could  be  reason- 
ably maintained.  These  tests  were  made  from  the  general  view- 
point of  the  recommendations  of  Mr.  Rudolph  Hering  in  1901 
to  treat  the  Columbus  sewage  at  times  of  low  stream  flow  in  the 
Scioto  River  by  artificial  sand  filters  at  rates  of  about  250,000 
gallons  per  acre  per  24  hours  after  the  raw  sewage  had  been 
partially  clarified  either  in  settling  basins  or  septic  tanks. 

Very  little  effort  was  made  to  study  the  theory  of  sand 
filter  action,  for  the  reason  that  this  subject  has  been  very  ade- 
quately investigated  and  reported  upon  by  the  Massachusetts 
State  Board  of  Health  at  the  Lawrence  Experiment  Station,  be- 
.  ginning  more  than  15  years  ago.  From  the  standpoint  of  practi- 
cal accomplishments  in  15  or  18  different  cities  and  towns  in 
Massachusetts  this  method  has  been  so  thoroughly  reviewed  and 
discussed  in  the  1903  report  of  the  Massachusetts  State  Board 
of  Health  that  it  is  needless  to  enter  into  detailed  discussion  of 
general  operation.  It  is  the  purpose  here  to  point  out  only  the 
salient  features,  and  to  note  well  defined  relations  between  cause 
and  effect  from  the  standpoint  of  efficiency  and  economy,  espe- 
cially the  latter. 

It  is  worth  while,  however,  in  stating  the  purpose  of  these 
tests  to  call  attention  to  the  fact  that  experience  has  shown  the 
cost  of  operation  of  intermittent  sand  filters  on  a  fairly  large 
ejcale  to  range  ordinarily  from  $4  to  $10  per  million  gallons, 
equal  on  an  average  to  more  than  20  cents  per  capita  for  each 
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person  actually  connected  with  the  sewers.  This  expense  is 
greater  decidedly  than  w^as  anticipated  a  few  years  ago.  From 
the  practical  standpoint  this  is  of  much  significance,  and  it  was 
the  principal  reason  for  the  efforts  made  at  Columbus  to  inquire 
into  the  practicability  of  preparatory  treatments  and  the  use  of 
higher  rates  under  local  conditions. 

SAND  FILTERS   TESTED. 

As  stated  in  Chapter  II.,  twenty-one  sand  filters  were  tested. 
Each  was  7.48  feet  in  diameter  and  had  an  area  of  43.56  square 
feet,  equal  to  .001  acre.  In  each  case  they  contained  a  3-foot 
layer  of  Lake  Erie  ^sand,  having  an  effective  size  ranging  in 
different  filters  from  0.20  to  0.29  and  averaging  about  0.25 
millimeter. 

There  were  no  gravel  underdrains  beneath  these  sand  layers 
other  than  those  around  the  outlet  pipe  on  the  bottom  of  the 
cypress  tanks.  The  object  of  this  was  to  cause  the  sewage  to  pass 
through  the  sand  in  a  way  believed  to  be  fairly  comparable  with 
conditions  in  practice  where  underdrains  situated  some  distance 
apart  necessarily  involve  lateral  filtration  to  a  greater  or  less 
degree. 

From  the  prefatory  remarks  just  made  above,  and  from  the 
statements  in  the  Introduction  with  reference  to  the  purpose  of 
the  tests  as  a  whole,  the  scope  and  purpose  of  the  various  sand 
filters  tested  will  be  made  sufficiently  clear  from  the  schedule 
shown  in  the  following  table: 
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List  of  Sand  Filters  Showing  Source  of  Influent  and  Bate  of 

Filtration  as  Originally  Scheduled, 


FlI,TER 

Number 


1.... 
2.... 

3.... 
4.... 

5.... 

6.... 

7.... 

8.... 
9.... 

10... 
11.... 

12.... 
13... 

14.... 
15.... 

16.... 
17.... 
18.... 

19. . . . 

20... 

21.... 


Character  of 

THE  Preparatory  Treatment 

Received  by  the  Infi^uent 


{ 


Grit  Chamber 


Plain  Sedimentation 


Chemical  Precipitation 
(Lime  .and  iron) 

Chemical  Precipitation 
(Sulphate  of  Alumina) 

Septic  Tank 
(8  to  16  hour  period) 

Septic  Tank 
(16  to  24  hour  period) 

Coke  Strainer 


Settled  Effluent  of  Sprinkling 
Filter  A 


Unsettled  Effluent  of  Primary 
Contact  Filter  A 


Rate  of 

Appwcation  of 

Sewage. 

gai.i.ons  per 

Acre  Daily 


100,000 
200,000 

150,000 
300,000 
450,000 

300,000 
450,000 

300,000 
450,000 

300,000 
450,000 

300,000 
450,000 

300,C00 
450,000 

1,000,006 
2,000,000 
3,000,000 

1,000,000 
2,000,000 
3,000,000 


GENERAL  PLAN  OF  OPERATION. 

For  the  sake  of  making  a  concise  and  explicit  record  of  the 
sand  filter  operations  there  is  first  given  a  general  statement  of 
the  principal  features  in  the  operation  of  all  of  them.  After 
this  is  presented  a  summary  of  the  principal  results  obtained 
from  the  various  filters  arranged  in  sets  according  to  the  influent 
applied.  With  the  tabular  results  as  to  actual  net  rates  and 
degree  of  purification  effected  will  be  found  comments  as  to  the 
relation  between  rates  of  filtration,  frequency  and  extent  of 
clogging,  degree  of  purification  and  other  similar  factors  involv- 
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ing  data  required  for  deciding  upon  the  relative  practicability  of 
these  devices. 

All  the  filters  at  the  start  were  operated  for  one  week  at  a 
rate  of  about  150,000  gallons  per  acre  daily. 

Dosing.  To  those  filters  operated  at  a  rate  less  than  about 
500,000  gallons  per  acre  in  24  hours  the  sewage  was  applied 
according  to  the  original  schedule  in  one  dose  per  day,  and  the 
hour  of  application  was  kept  about  the  same  for  a  period  of  14 
consecutive  days.  The  hour  of  dosing  was  then  moved  ahead 
4  hours,  with  the  view  to  making  each  filter  in  the  long  run 
receive  sewage  corresponding  to  the  average  composition  for  the 
24  hours  of  the  day,  and  thus  preventing  some  beds  from  always 
receiving  strong  day  sewage  and  others  the  weak  night  sewage. 
The  size  of  the  devices  in  which  preparatory  treatments  were 
carried  on  were  such  that  the  full  quantity  of  the  sewage  ap- 
plied to  these  beds  could  be  discharged  upon  them  in  about  10 
or  15  minutes. 

Filters  Nos.  16,  17  and  18,  receiving  the  settled  effluent  of 
Sprinkling  Filter  A  until  April  1,  1905,  were  flooded  three  times 
a  day.  After  thisdate  these  filters,  like  all  others,  received  their 
full  quantity  of  sewage  in  one  dose  per  day  as  a  nominal 
schedule.  These  schedules  were  interfered  with,  however,  in 
some  instances  during  freezing  weather,  and  in  a  number  of 
cases  where  surface  clogging  was  encountered. 

Besting,  From  October  15  to  November  8,  1904,  all  of  the 
sand  filters  were  rested  one  day  in  eight,  but  the  size  of  the 
doses  on  the  seven  days  of  operation  wa^  increased  proportion- 
ately, so  as  to  maintain  the  required  average  yield.  This  modi- 
fication in  the  program  was  probably  of  little  benefit  to  the  filter 
and  was  adopted  principally  to  enable  the  filter  attendants  to 
attend  to  special  duties  during  this  period. 

The  only  other  feature  with  reference  to  dosing  the  beds^ 
when  signs  of  clogging  first  became  clearly  manifest  was  that 
the  beds  were  put  out  of  service  for  one  week  and  the  surface 
raked  as  soon  as  the  sewage  disappeared.  In  a  few  instances  in^ 
the  case  of  very  high  rates  the  filters  were  scraped  as  noted 
below. 
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Raking,  The  several  sand  filters  at  first  received  no  treat- 
ment whatever  at  the  surface,  but  as  clogging  began  to  make  it- 
self felt  in  one  filter  after  another  the  surfaces  were  raked  from 
time  to  time  as  required  to  a  depth  of  about  2  inches.  A  sum- 
mary of  the  number  of  rakings  on  each  filter  is  as  follows : 

Record  of  Rakings  of  the  Surfaces  of  Sand  Filters, 


Filter 

Times 

Filter 

Times 

Filter 

Times 

Filter 

Times 

Number 

Raked 

Number 

Raked 

Number 

Raked 

Number 

Raked 

1 

6 

7 

1(a) 

13 

5 

17 

5 

2 

7 

8 

4 

14 

4 

17 

0(c) 

3 

5 

8 

2 

14 

Kb) 

18 

6 

4 

4 

9 

4 

15 

4 

18 

0(c) 

5 

6 

9 

2(a) 

15 

1(b) 

18 

1(d) 

6 

3 

10 

7 

16 

6 

19 

5 

6 

1(a) 

11 

7 

16 

0(c) 

20 

6 

7 

3 

12 

5 

16 

0(d) 

21 

4 

(a)  After  November  22, 1904. 

(b)  After  February  18, 1905. 


(c)  Duritigr  period  April  1  to  April  28, 1905. 

(d)  Duringr  period  April  28  to  June  30, 1905. 


Scraping,  The  amount  of  suspended  matter  reaching  some 
of  the  filters  at  the  rates  employed  was  so  great  that  the  raking 
even  during  this  fairly  short  period  of  tests  was  inadequate  to 
maintain  sufficient  porosity  of  the  sand  surfaces.  Scraping  was 
not  resorted  to  until  raking  to  a  depth  of  2  inches  and  resting 
for  about  7  days  had  proved  to  be  inadequate.  A  list  of  the 
several  scrapings  made  is  given  below,  and  further  on  in  this 
chapter  this  information  is  summarized  with  reference  to  the 
volume  of  material  removed  in  cubic  yards  per  million  gallons 
of  sewage  treated. 

Record  of  Material  Removed  From  the  Surface  of  Sand  Filters, 


DATE    OF  SCRAPING,  190^-5 


November  22. . . 

22... 

**  22... 

**  22... 

April  22 

April  23,  May  8 

Aoril  24 

'*'      24 


Filter 

Times 

Number 

Scraped 

6 

7 

8 

9 

10 

11 

2 

18 

20 

Inches  of 
Material 
Removed 


1.75 
2.50 
1.75 
2.50 
0.75 
1.50 
3.00 
3.00 
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Winter  Treatment,  In  accordance  with  the  well-known 
New  England  procedure  of  arranging  the  surface  of  the  beds  in 
ridges  and  trenches,  the  surfaces  of  Filters  Nos.  6,  7,  8  and  9 
were  provided  with  trenches  about  18  inches  deep,  to 
which  sewage  was  applied  during  the  winter  months.  These 
trenches  were  circular  in  plan,  with  the  center  about  1.75  feet 
distant  from  the  center  of  the  filter.  There  was  one  trench  to 
each  filter.  These  trenches  did  not  prove  to  be  of  much  assist- 
ance imder  the  actual  existing  conditions,  and  gradually  levelled 
themselves  by  the  ridges  settling  into  the  trenches. 

More  success  attended  the  application  during  very  cold 
weather  of  larger  doses  of  sewage  than  the  ordinary.  This 
thawed  the  frost  out  of  the  sand,  and,  as  has  been  found  at  Clin- 
ton, Massachusetts  and  several  other  places,  was  quite  helpful 
during  winter  operations.  The  winter  temperature  of  the 
Columbus  sewage  was  about  45  deg.  F.,  as  shown  in  (ietail  in  the 
tables  of  analyses. 

Freeziyig,  The  winter  of  1904-5  was  one  of  rather  unusual 
cold,  so  far  as  relates  to  continued  periods  of  very  cold  weather. 
The  frost  on  several  occasions  penetrated  the  sand  layers  to 
distances  of  4  to  6  inches  in  several  beds.  No  clogged  or  frozen 
material,  however,  was  removed  from  any  of  these  filters,  nor 
were  there  any  holes  made  through  the  frost  other  than  where 
necessary  in  two  or  three  instances  in  getting  the  depth  of  the 
frozen  material.  The  frost  was  thawed  so  far  as  practicable  by 
increasing  the  size  of  the  doses  where  the .  beds  were  porous. 
This,  as  above  stated,  worked  very  well.  Where  the  beds  were 
more  or  less  clogged  at  the  surface  this  procedure  resulted  in 
the  accumulation  of  more  or  less  ice,  practically  frozen  sewage, 
on  the  filters.  This  ice  was  in  no  case  removed,  and  when  it 
reached  such  a  thickness  on  any  filter  that  it  would  be  inadvis- 
able to  apply  more  sewage  the  beds  were  allowed  to  remain  out 
of  service  until  weather  conditions  so  changed  that  the  sewage 
could  Be  again  applied  without  serious  interference  by  the  ice. 
A  list  of  the  interferences  in  the  operation  of  the  several  filters 
due  to  this  cause,  and  an  approximate^  maximum  amount  of  ice 
accumulating  on  the  sand  layer,  is  as  follows : 
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Record  of  Interferences  in  the  Operation  of  Sand  Filters  Caused 
hy  Ice  Accumulation  on  the  Sand  Surfaces. 


PERIOD,  1905 

Filter 
Number 

N amber  of 

Times   Filters 

were  Dosed 

Daring-  this 

Period 

Approximate 

Thickness 

of  Ice  Cake 

(Inches) 

January  13  to  March         1 

**        15  to  February    1 

29  to  March        10 

**        10  to  February  2 

2 
12 
17 
19 

5 

1 
1 
0 

2.0 
3.5 
2.0 
1.5 

Sampling.  Unusual  effort  was  made  to  have  samples  of  the 
influent  and  effluent  thoroughly  represent  the  liquid  actually 
going  onto  and  coming  out  of  the  sand  filters.  It  was  the  custom 
uniformly  for  chemical  samples  of  the  effluent  to  be  made  up  of 
portions  representing  each  filling  of  the  measuring  boxes,  each 
portion  being  taken  after  well  mixing  the  contents  of  these  small 
tanks.  The  bacterial  samples  represent  three  portions  so  selected 
that  after  making  a  large^  series  of  tests  the  combined  results  will 
represent  the  entire  product  of  the  filter.  The  analyses  of  the 
influents  are  also  believed  to  be  very  thoroughly  representative 
as  a  general  proposition.  The  only  exception  to  this  statement 
refers  in  a  few  instances  to  abnormal  quantities  of  suspended 
matter  which  were  carried  over  into  the  filters  from  certain  of 
the  septic  tanks  at  times  of  unusual  violent  ebullition  of  gas 
therein.  These  occurrences  at  intervals  seemed  to  be  character- 
istic of  these  devices,  and  while  they  interfered  now  and  then 
with  the  samples  being  representative  no  effort  was  made  to 
modify  the  regular  procedures  in  any  way  when  they  occurred. 

Special  Features.  Before  passing  to  the  record  of  the  sev-* 
eral  sand  filters  grouped  according  to  the  character  of  the  in- 
fluents applied  to  them  it  is  weU  briefly  to  mention  the  great  im- 
portance which  clearly  demonstrated  itself  to  be  associated  with 
the  amount  and  character  of  the  suspended  matter  reaching  the 
sand  surfaces.  Analyses  were  not  made  of  the  suspended  matter 
in  the  sand  filter  influents  as  a  regular  procedure,  although  in 


SAND   FILTERS  161 

connection  with  preparatory  treatments  full  data  were  obtained 
as  to  suspended  matter.  The  comparative  results  as  shown  by 
averages  for  the  whole  period  are  as  follows: 

Average  Parts  Per  Million  of  Suspended  Matter  in  the  Influents 

of  the  Several  Groups  of  Sand  Filters, 

Filter  Number  Treatment  of  Influent  ^  MaUe^^*^ 

1  and  2 Grit  Chamber 143 

3,  4  and  5 Plain  Sedimentation 75 

6  and  7 Chemical  Precipitation  (Lime  and  Iron)..  70 

8  and  9 Chemical    Precipitation     (Sulphate    of 

Alumina) 39 

10  and  11 Septic  Tank 73 

12  and  13 Septic  Tank. ! 68 

14  and  15 Coke  Strainer 50 

16,  17  and  18 Sprinkling  Filter  A  (Settled) 35 

19,  20  and  21 Contact  Filter  A  (Unsettled) 31 

jpii  ---_         -      — 

The  success  of  intermittent  sand  filters  depends  upon  keep- 
ing the  surface  porous,  so  that  sufficient  air  may  enter  the  pores 
of  the  sand.  Not  only  does  the  amount  of  applied  suspended 
matter  affect  this  feature,  but  the  nature  of  the  suspended  mat- 
ter is  also  of  importance.  Thus  the  effluent  of  the  chemical  pre- 
cipitation tanks  as  operated  frequently  contained  fine  particles 
of  hydrate,  which  penetrated  the  sand  layers  to  a  depth  of 
several  inches.  On  the  other  hand,  no  such  deep  penetration 
was  noted  with  septic  effluents,  which  during  periods  of  violent 
gas  ebullition  in  the  septic  tanks  carried  into  the  sand  surfaces 
more  or  less  sludge  of  such  a  nature  that  it  remained  as  a  mat  on 
and  near  the  surface.  The  effluent  of  the  plain  sedimentation 
tanks  produced  neither  deep  nor  surface  clogging,  comparatively 
speaking. 

The  best  conception  of  the  work  of  the  several  sand  filters 
is  obtained  by  considering  all  of  them  as  having  received  the 
so-called  fine  colloidal  matter  described  in  Chapter  I.,  plus  other 
suspended  matter  varying  in  quantity  and  character  in  accord- 
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ance  with  the  preparatory  treatment.  In  addition  to  the  features 
above  mentioned  it  remains  to  be  stated  that  the  effluents  of  the 
coarse-grained  filters  contained  more  or  less  fairly  coarse  sus- 
pended particles,  consisting  of  detached  pieces  of  the  films  sur- 
rounding the  broken  stone  or  coke.  Some  of  this  suspended 
matter  was  due  to  the  precipitation  of  matters  formerly  present 
in  the  sewage  as  dissolved  matter. 

All  detailed  analytical  data  relating  to  the  intermittent  sand 
filters  are  contained  in  the  appendices.  For  practical  purposes, 
however,  the  feasibility  of  this  method  of  purification  is  quite 
clearly  shown  by  the  summarized  results  which  follow. 

RESULTS  ACCOMPLISHED  BY  INTERMITTENT  SAND  FILTERS  NOS.  1  AND 
2  IN  PURIFYING  THE  EFFLUENT  OF  THE  GRIT  CHAMBER. 

Results  of  Analysis,  Monthly  average  results  of  the  an- 
alysis of  the  influents  and  effluents  of  Sand  Filters  Nos.  1  and  2 
are  given  in  the  tables  below.  These  filters  were  operated  at 
the  nominal  rates  of  100,000  and  200,000  gallons  per  acre  daily, 
respectively.  The  turbidity  of  these  and  other  sand  filter 
effluents  -was  obtained  by  comparison  with  bottles  of  silica 
standards. 
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Degree  of  Purification.  The  purification  effected  by  these 
filters  aa  shown  by  the  percentage  removal  of  the  several  con- 
stituents of  the  applied  and  the  crude  sewage,  respectively,  has 
been  computed  from  the  monthly  average  results  presented 
above  and  is  shown  in  the  following  tables : 


Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage. 


SanH  Fllfr  Ha.    1 

Satd  Fintr  Ho.  3 

Month  1904-S 

i 

.VlIBOOEB 

n 

97 
99 
97 
99 
94 
99 
89 
99 
99 
99 
99 

li 

as 

93 
61 
84 
79 
88 
93 

91 

95 

x„™.« 

ii 

1 

92 

86 
86 
91 
87 
92 
79 
94 
93 
90 
93 

I' 

99 
99 

98 
83 
86 
39 
96 
98 
9* 
98 

95 
80 
88 

92 
93 

89 

92 

If 

99 
9S 
94 

97 
93 
88 

85 
97 

n 

AUKUBt 

85 
72 
78 
38 
86 
91 
80 
91 
94 
90 
89 

99 
99 
99 

95 
99 

98 
99 

February    

April...- 

88 

90 

90 

98 

89 

» 

93 
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Degree  of  Purification*     Percentages  of  Removal 
Referred  to  Crude  Sewage. 


Month  1904-S 


August 

September 

October 

November 

December  . . . . , 

January 

February  

March , 

April 

May 

June 

Average 


Sand  Filter  Mo.    1 


0 

O  ^ 
><  O 

O 


87 
78 
83 
90 
89 
^1 
80 
92 
95 
91 
90 

89 


Nitrogen 

AS 


a 

bo 

u 

O 


93 
88 
88 
94 
90 
92 
79 
94 
94 
91 
94 

91 


u  n 


99 
99 
89 
98 
85 
86 
39 
% 
98 
94 
98 

90 


K 
H 
H 
u 

< 


98 
99 
97 
99 
96 
99 
95 
99 
99 
99 
99 


99 


Sand  Fitter  Mo.  2 


>*  O 
O 


94 
69 

88 
83 
91 
93 

•  • 

92 
% 


91 


Nitrogen 

AS 


a 

u 
O 


96 
83 
90 
92 
94 
94 

•  • 

90 
92 


92 


Is 

4)  O 


99 
95 
94 
97 
94 
88 

•   • 

85 
97 


93 


K 
M 
H 
U 


99 
99 
99 

•  • 

97 
99 

•  • 

99 
99 


99 


Putrescibitity  of  the  Effluent,  During  the  tests  35  samples 
were  collected  for  analysis  from  the  effluent  of  Filter  No.  1,  and 
20  samples  from  the  effluent  of  Filter  No.  2.  These  samples  were 
non-putrescible  in  all  cases. 

Nitrification,  Nitrification  became  active  in  Filters  Nos. 
1  and  2  in  about  15  days  after  they  were  first  put  into  service. 
Generally  speaking  strong  nitrification  was  maintained  through- 
out the  tests,  although  it  was  materially  reduced  at  times,  how- 
ever, when  the  sand  surfaces  became  clogged  and  when  in  the 
winter  storage  of  nitrogen  became  pronounced.  Eapid  oxidation 
of  the  stored  nitrogen  took  place  at  the  advent  of  spring,  as  has 
been  noted  in  many  other  places. 

Clogging,  The  surfaces  of  Filters  Nos.  1  and  2,  which  re- 
ceived settled  sewage  from  which  only  the  coarser  particles  of 
suspended  matter  had  been  removed,  were  at  times  badly 
clogged.    The  total  amount  of  dry  suspended  matter  applied  to 


166 


REPORT  ON  SEWAGE  PURIFICATION 


Filters  Nos.  1  and  2  during  the  period  of  the  tests  averaged  143 
parts  per  million  and  aggregated  about  7.45  and  12.4  tons  per 
acre,  respectively. 

The  clogging  of  the  sand  was  in  the  main  directly  upon 
the  surface,  and  the  deposited  matter  was  sufficiently  coarse  so 
that  when  permitted  to  dry  out  the  bed  could  be  restored  to 
normal  condition  by  lightly  raking  over  the  surface  of  the 
sand,  corresponding  in  effect  to  the  application  of  a  heavy  brush. 
The  surfaces  of  Filters  Nos.  1  and  2  were  treated  in  this  manner 
upon  6  and  7  occasions,  respectively,  but  no  material  was  re- 
moved from  these  filters  at  any  time  during  the  tests.  Filter  No. 
2  was  out  of  service  for  a  longer  period  of  time,  due  to  clogging, 
than  was  true  of  any  of  the  other  filters  operated  at  this  station, 
indicating  clearly  the  value  of  preparatory  treatment  of  the 
applied  sewage. 

Net  Rates,  Periods  of  rest  necessary  to  allow  the  sewage  to 
disappear  from  the  surfaces  of  these  filters  and  factors  asso- 
ciated with  the  operation  under  winter  conditions  reduced  ma- 
terially the  net  yields  of  Filters  Nos.  1  and  2.  Filter  No.  2 
operated  at  a  rate  of  200,000  gallons  per  acre  daily,  was  out  of 
service  for  such  long  periods  and  required  such  careful  operation 
that  from  the  practical  standpoint  rates  in  excess  of  100,000 
gallons  per  acre  did  not  seem  advisable  for  sand  filters  receiving 
practically  crude  sewage.  The  average  daily  net  yields  and  the 
days  of  service  and  actual  operation  of  these  filters  were  as 
follows : 

Average  Daily  Net  Tields  of  Filters  Nos,  i  and  2. 


Filter 
Number 

Number  of 

Days  in 

Period 

of 

Operation 

Average 

Daily 

Net  Yield. 

Gallons 

per 

Acre 

Days  Out  of  Service 

Total 

Percentage  of 
Total  Period 
of  Operation 

1 

2 

314 
214 

81,000 
118,000 

72 
110 

23 

-t   M 


Note:  Owing  to  occasional  increased  doses  and  other  special  features  of 
operation  during-  cold  weather  the  relation  of  net  rates  to  nominal*  rates  laud  that 
of  actual  period  of  operation  to  total  period,  was  somewhat  variable  In  tkese  and 
other  filters. 
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RESULTS  ACCOMPLISHED  BY  INTERMITTENT   SAND  FILTERS 

NOS.  3,  4  AND  5  IN  PURIFYING  THE  EFFLUENT  OF 

THE  PLAIN  SETTLING  TANK. 

Eesults  of  Analysis,  Average  results  of  the  analysis  of  th<3' 
influents  and  eflHuents  of  Sand  Filters  Nos.  3.  4  and  5  by  months 
are  shown  in  the  next  tables.  Detailed  results  of  analyses  are 
to  be  found  in  the  appendices. 

These  filters  -were  operated  at- the  nominal  daily  rates  of 
150,000,  300,000  and  450,000  gallons  per  acre,  respectively,  and 
all  received  the  effluent  of  Plain  Settling  Tank  A. 
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Degree  of  Purification.  The  efficiency  of  these  filters  re- 
ceiving plain  settled  sewage,  as  shown  by  the  percentage  removal 
of  the  organic  matters  in  the  applied  sewage  and  in  the  raw 
sewage,  respectively,  follows  in  the  next  tables. 


Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage. 


Sa^H  Fliumt.  3    "11     Sunn  Fllitf  Hi,.  4     II      Sa„d  Fllttr  No.  S 

Month 

e3 

NlTROOHN 

m 

NlTHOGBN 

< 
1 

1 

N.™., 

1904-5 

1 

1 

o 

,5 

I 

August 

September 

October 

November 

December 

January 

February  

77 
82 
82 
85 
82 
81 
82 
85 
82 

87 
90 
86 
86 
85 
86 
86 
84 
90 

99 
99 
99 
91 
92 
93 
86 
98 
98 

97 

98 
92 
94 
96 
81 
97 
99 

80 
61 
82 
76 
75 
80 
82 
78 
74 
73 
68 

75 

76 
79 
80 

83 
72 
83 
87 
75 

99 
77 
91 
86 
86 
95 
91 
92 
96 
93 
92 

97 

91 
85 
83 
83 
84 
88 
87 
90 
90 

76 
56 
67 
68 
7S 
64 
75 
77 
69 
71 
58 

86 
70 

78 
74 

75 
78 
83 
81 
67 

99 
60 
76 
66 
87 
37 
S8 
72 
78 
92 
70 

90 

90 
98 
81 
76 
70 

June 

70 
81 
71 

Average 

83 

86 

94 

9. 

76 

80 

90 

88 

69 

73 

72 

80 
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Degree  of  Purification.     Percentages  of  Removal 
Referred  to  Crude  Sewage, 


Month 
1904-5 


Sand  Filter  No.  3 


Aug-ust .. 

September . 

October. ....... 

November 

December 

January 

February  ...... 

March  .  . . .. 

April 

X«^  CL  Y  •••■••   •••• 

«l  Uilw  *■•■•■••••• 

Average 


Q 


xti 


M> 


84 
86 
91 
89 
91 
87 
87 
88 
90 


89 


XlTROGBN 

AS 


a 

u 

o 


91 
93 
94 
91 
92 
93 
91 
91 
92 


92 


a 
o 


99 
99 
99 
92 
94 
93 
87 
99 
97 


93 


Sand  Filter  Mo.   4 


Sand  Filter  Mo.  S 


NiTROGEN 

Nitrogen 

< 

M 

H 
H 
O 

< 

Oxygen 
Consumed 

AS 

< 

H 

K 
H 
H 
O 
< 

Oxygen 
Consumed 

AS 

d 

u 

o 

Free 
Ammonia 

U 

*5 
d 

ho 
u 

O 

Free 
Aramonip 

96 

88 

90 

99 

97 

86 

91 

99 

•  • 

74 

82 

79 

•  • 

70 

79 

65 

99 

91 

90 

92 

94 

84 

79 

79 

93 

82 

86 

87- 

86 

76 

76 

70 

93 

88 

90 

89 

83 

87 

91 

90 

95 

86 

90 

96 

76 

72 

86 

47 

79 

86 

88 

91 

82 

83 

84 

70 

97 

85 

84 

94 

89 

84 

88 

71 

99 

83 

86 

95 

76 

80 

86 

73 

•  • 

83 

91 

93 

74 

82 

87 

93 

•  • 

82 

89 

94 

85 

77 

85 

78 

96 

85 

87 

91 

88 

81 

85 

76 

H 
H 
O 

< 


89 

•  • 

94 
98 
81 
65 
66 
84 
44 
48 
56 

79 


Putrescibility  of  Effluents.  The  effluents  of  Filters  Nos, 
3  and  4  were  normally  non-putreseible  throughout  the  tests.  On 
two  occasions,  owing  to  clogging,  the  effluent  of  Filter  No.  5  was- 
questionably  putrescible  and  in  one  instance  was  clearly  of  an 
unstable  character. 

Nitrification.  After  17  days'  operation  nitrification  became 
well  established  in  these  filters,  their  respective  effluents  then 
containing  9.2,  14.8  and  16.8  parts  per  million  of  nitrogen  as 
nitrate.  Nitrification  was  fairly  active  at  all  times  during  the 
tests,  especially  in  the  case  of  Filters  Nos.  3  and  4.  The  high 
rate  at  which  Filter  No.  5  was  operated  induced  considerable 
clogging,  which  interfered  in  a  large  measure  with  the  efficient 
aeration  of  the  filter  at  times  of  rest,  with  the  result  that  the 
nitrification  effected  by  this  filter  was  at  times  very  considerably 
reduced.  These  data  clearly  indicate  the  effect  of  high  rates  and 
the  diminution  in  nitrification  which  is  thereby  produced. 

Clogging.    Th,e  surfaces  of  Filters  Nos.  3,  4  and  5  were  at 


'.   y 


t     '-     * 
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times  so  badly  clogged  that  the  passage  pf  sewage  was  entirely 
prevented.  The  suspended  matters  in  the  applied  sewage  were 
of  a  much  finer  character  than  in  the  case  of  the  filters  receiving 
sewage  settled  at  high  velocity,  and  hence  there  were  greater 
evidences  of  penetration  in  the  case  of  the  former  filters.  On 
March  9,  1905,  after  about  7  months  of  operation,  the  suspended 
matter  was  found  to  have  penetrated  the  surface  layers  of  Filters 
Nos.  3,  4  and  5  to  depths  of  0.5,  1.0  and  2.0  inches,  respectively. 
Due  to  a  clogged  condition  of  the  surface  sand  layers.  Filters 
Nos.  3,  4  and  5  were  raked  upon  5,  4  and  6  occasions,  respec- 
tively; no  material  was  removed,  however,  from  these  filters  at 
Any  time  during  these  tests. 

Net  Rates.  The  average  daily  net  yields  of  these  filters  were 
139,000,  274,000  and  347,000  gallons  per  acre,  respectively. 
Available  evidence  with  reference  to  clogging  and  the  care  neces- 
sary to  maintain  the  filter  surfaces  in  working  condition  in- 
dicates that  a  rate  of  treatment  of  250,000  gallons  per  acre 
daily  is  practicable  for  filters  receiving  settled  sewage  of  a  similar 
<3haracter.  The  average  daily  net  rates  and  the  relation  of  the 
period  of  obligatory  resting  to  the  total  period  of  service  are 
shown  in  the  following  table: 

Average  Daily  Net  Yields  of  Sand  Filters  Nos.  3,  4  and  5, 


Sand  Filter 
Number 

Number  of 

Days  in 

Period 

of 

Operation 

Average 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Total 

Percentage  of 
Total  Period 
of  Operation 

3 
4 
5 

213 
312 
312 

139,000 
274,0C0 
347,000 

24 
30 
65 

11 
10 
21 

RESULTS  ACCOMPLISHED  BY  INTERMITTENT  SAND  FILTERS  NOS.  6,  7, 
8  AND  9  IN  PURIFYING  THE  EFFLUENTS  OF  THE  CHEMICAL 

PRECIPITATION   TANKS. 

Results  of  Analyses.     The  purification  of  chemically  treated 
sewage  was  studied  in  four  filters,  namely,  Filters  Nos.  6,  7,  8 


SAND   FILTERS  ITS' 

and  9.  These  filters  in  sets  of  two  were  operated  at  the  nominal 
rates  of  300,000  and  450,000  gallons  per  acre  daily,  respectively.. 
Filters  Nos.  6  and  7  received  the  effluent  of  the  lime  and  iron 
tank;  Filters  Nos.  8  and  9  received  the  sewage  which  had  been 
treated  with  sulphate  of  alumina.  The  monthly  average  results 
of  analysis  of  the  influents  and  effluents  of  these  filters  are  shown, 
in  the  following  tables: 
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Degree  of  Purification.  During  the  period  of  operation  of 
Filters  Nos.  6,  7,  8  and  9,  well  purified  effluents  were  generally- 
obtained.    The  efficiency  of  these  filters  is  shown  by  months  in 

the  following  tables: 

« 

Degree  of  Purification,      Percentages  of  Removal 
Referred  to  Applied  Sewage, 


Month  1904-5 


August 

September. . 
October  . . . . 
November. . 

Average. . . . 

August 

September. . 

October 

November . . 

Average... . 
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Sand  Filter  No.  8 
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Sand  Filior  No.    7 
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Sand  Flltor  No.  9 
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36 
72 
79 
79 
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90 
83 
76 


83 


97 
95 
23 
89 


94 
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Degree  of  Purification.     Percentages  of  Removal 

Referred  to  Crude  Sewage. 


Month 
1904-5 


August. 

September 
October.. . 
November. 

Average    . 

August.. . . 
September 
October . . . 
November. 

Average . . 
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Sand  Filter  No.  9 


79 
89 
91 

85 


86 


76 
87 
91 

87 


87 


90 
85 
86 
79 


84 


97 
97 
97 
91 


% 


Putrescibility  of  Effluents.  The  effluents  of  Filters  Nos. 
6,  7,  8  and  9  were  always  non-putreseible  as  shown  by  tests  made 
practically  at  weekly  intervals  while  these  filters  were  in  opera- 
tion. 

Nitrification.  Nitrification  was  somewhat  lower  in  these 
filters  than  in  the  other  filters  under  operation  during  the  same 
period,  and  was  rather  slow  in  becoming  established.  After  13 
days  the  effluents  of  Filters  Nos.  6,  7,  8  and  9  contained  only  3.4, 
1.3,  2.8  and  1.0  parts  per  million  of  nitrate  nitrogen,  respectively: 
This  condition  is  further  shown  by  the  fact  that  comparatively 
small  percentages  of  the  applied  nitrogen  were  recovered  as 
nitrate. 

Clogging.  The  surfaces  of  Filters  Nos.  6,  7,  8  and  9  were  at. 
times  badly  clogged  with  finely  ^divided  hydrate.  This  condition 
was  particularly  remarked  in  the  case  of  Filters  Nos.  6  and  7, 
which  received  the  effluent  of  the  lime  and  iron  tank.  Consider- 
able iron  hydrate  passed  onto  the  surface  of  these  filters,  pene- 
trating the  sand  to  a  depth  of  about  2.0  inches,  causing  a  surface- 
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accumulation  of  clogging  matters  and  thereby  materially  re- 
ducing the  yield  of  these  filters.  Due  to  this  cause  it  became 
necessary  to  rake  the  surfaces  of  the  Filters  Nos.  6  and  7  on  three 
occasions  during  their  3.5  months  of  operation.  When  the 
filters  went  out  of  service  in  November,  the  upper  layers  of  the 
filtering  material  were  badly  discolored  with  a  stain  of  oxide  of 
iron. 

Filters  Nos.  8  and  9  were  also  badly  clogged  at  times  by 
finely  divided  hydrate  and  were  raked  four  times  during  their 
period  of  operation. 

Net  Bates.  Rates  considerably  lower  than  the  nominal 
were  obtained  from  these  filters,  due  to  obligatory  periods  of  rest 
caused  by  the  clogged  condition  of  the  sand  surfaces.  This 
clogging  was  largely  due  to  inadequate  subsidence  of  the  coagu- 
lated sewage  as  stated  in  Chapter  III.  As  shown  in  the  next 
table.  Filter  No.  7,  operated  at  a  450,000-gallon  rate,  was  out  of 
service  38  per  cent,  of  the  time,  while  the  corresponding  filter 
receiving  the  effluent  of  the  sulphate  of  alumina  process,  was 
out  of  service  for  27  per  cent,  of  the  total  period  of  operation. 
The  relative  net  rates  and  periods  of  service  are  summarized  in 
the  following  table : 

Average  Daily  Net  Yields  of  Sand  Filters  Nos,  6,  7,  8  and  9, 


Sand 

Number  of 

Days  in 

Period 

of 

Operation 

Average 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Filter 
Number 

Total 

Percentage  of 
Total  Period 
of  Operation 

6 

7 
8 
9 

95 
95 
95 
95 

246,000 
328,000 
218,000 
310-,000 

17 
36 

25 
27 

18 
38 
26 

27 

RESULTS    ACCOMPLISHED    BY   INTERMITTENT    FILTERS    NOS.    6,    7,    8 

AND  9,   HAVING  TRENCHED  SURFACES,  IN  PURIFYING  THE 

EFFLUENT   OP   THE   PLAIN   SETTLING   TANK. 

Results    of    Analyses,    Following    the    discontinuance    of 
chemical  precipitation  experiments,  on  November  15,  1904,  Filt- 
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ers  Nos.  6,  7,  8  and  9  were  operated  with  trenched  surfaces.  Prior 
to  trenching,  sand  was  removed  from  the  surfaces  of  these 
filters  to  the  depth  of  2  inches  on  Filters  Nos.  6  and  7  and  2.5 
inches  on  Filters  Nos.  8  and  9.  All  the  filters  were  spaded  to  a 
depth  of  12  inches.  These  filters  received  the  effluent  of  the 
plain  settling  tank  at  the  nominal  rates  of  75,000,  150,000, 
300,000  and  450,000  gallons  per  acre  daily,  respectively.  In 
general,  well  purified  effluents  were  obtained  from  these  filters. 
The  sewage  disappeared  from  the  surfaces  of  the  two  lower-rate 
filters  with  comparative  ease,  but  eventually,  and  especially 
during  the  cold  winter  months,  it  remained  in  the  trenches  for  a 
considerable  time.  A  monthly  record  of  the  operation  of  these 
filters  and  the  results  of  analysis  of  the  resulting  effluents  are 
shown  in  the  following  tables: 
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Degree  of  Purification,  Although  started  late  in  the  year, 
these  trenched  filters  gave  fairly  well  purified  effluents.  The 
higher  rates  employed  in  the  case  of  Filters  Nos.  8  and  9  reduced 
considerably  the  efficiency  of  the  purification,  especially  regarding 
the  removal  of  organic  nitrogen  and  nitrogen  as  free  ammonia. 
At  the  close  of  winter  the  effluents  of  Filter  No.  9  contained  very 
little  dissolved  oxygen  and  showed  very  low  nitrification.  In 
general,  the  effluents  of  these  trenched  surface  beds  were  in- 
ferior to  those  with  flat  surfaces  operated  at  ecjual  rates.  The 
efficiencies  of  these  filters  by  months  are  shown  in  the  following 
tables : 

Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage. 


Month  1904-5 


Sand  Filter  Mo.   6 


December 
January. . 
February. 
March.... 
April 

Average, . 

December 
January . . 
February . 
March.... 
April 

Average.. 
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74 
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90 
68 
98 
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Sand  Filter  Mo.   7 


89 


NiTROOBN 

AS 

Oxygen 

0 

s 

0 

Free  Am- 
monia 

74 

79 

94 

79 

77 

93 

73 

84 

83 

83 

83 

98 

75 

87 

95 

77 

81 

94 
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84 
95 
85 
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78 
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Sand  Filter  Mo,  8 


7i 
82 
81 
75 
68 


76 


77 
84 
87 
76 
84 


81 


82 
90 
85 
63 
70 


79 


81 
92 
94 
76 
67 


84 


Sand  Filter  Mo.  9 


76 

77 
70 
65 
65 


72 


79 
79 
86 
80 
76 


79 


82 
69 
27 
15 
60 


61 


72 
95 
47 
68 
67 


80 
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Degree  of  Purification.    Percentages  of  Removal 
Referred  to  Crude  Sewage^ 


Month 
1904-5 


Sanil  FIlUr  Mo.  6 


Sand  Filter  Mo.   7 


December. 
January  . 
February., 

March 

April 

Average    , 

December, 
January  , 
February. 
March. . . . 
April  .... 

Average . 


Nitrogen 

Nitrogen 

Oxygen 
Consumed 

AS 

I 
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Oxygen 
Consumed 
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.^* 
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Free 
Ammonia 

u 
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Free 
Ammonia 

87 

90 

94 

85 

87 

91 

95 

83 

87 

89 

86 

85 

88 

94 

83 

89 

79 

64 

82 

89 

88 

88 
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97 
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88 
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84 

90 
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87 

93 
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85 

88 
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Sand  Filter  Mo.  8 


87 
87 
87 
80 
77 


84 


92 
92 
92 
86 

87 


88 
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92 
89 
69 
60 


79 


81 
88 
87 
81 
67 


78 


Sand  Filter  Mo.  9 


88 
83 
66 
66 

75 


79 


90 

89 
84 
86 
80 


85 


86 
73 
36 
12 

45 


57 


71 
93 
44 
67 
67 

71 


Putrescibility  of  Effluents.  The  effluents  of  Filters  Nos. 
6  and  7  were  uniformly  non-putreseible ;  one  sample  from  Filter 
No.  8  was  putreseible  and  in  four  instances  the  effluent  of  Filter 
No.  9  was  of  an  unstable  character. 

Nitrification.  As  these  filters  were  well  matured  when  first 
they  received  plain  settled  sewage,  nitrates  immediately  appeared 
in  the  effluents.  Nitrification,  as  shown  by  nitrates,  to  the  extent 
of  about  7.5  parts  per  million  in  the  effluents  was  fairly  con- 
stant in  Filters  Nos.  6  and  7.  In  the  case  of  the  higher-rate 
filters,  Nos.  8  and  9,  the  trenches  clogged  so  badly  that  aeration 
was  precluded,  and  toward  the  end  of  February  the  nitrates  wft'c 
materially  reduced,  particularly  in  the  case  of  Filter  No.  9. 
All  of  these  filters,  especially  Nos.  8  and  9,  stored  nitrogen 
during  the  colder  months  and  when  spring  opened  nitrates  in 
considerable  amounts  began  to  appear  in  the  effluents. 
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Clogging,  Filters  Nos.  6,  7,  8  and  9  began  to  show  evi- 
dences of  clogging  in  the  trenches  after  about  one  month's 
operation.  The  material  in  the  trenches  of  Filters  Nos.  8  and  9 
became  so  badly  clogged  as  to  be  well-nigh  impervious  to  sewage, 
and  toward  spring  it  became  necessary  to  remove  the  clogged 
sand  from  the  bottom  of  the  trenches  and  place  it  upon  the 
slopes. 

Net  Bates.  The  yields  of  Filters  Nos.  6  and  7  were  almost 
equal  to  the  nominal  rates  of  treatment,  but  in  the  case  of  the 
two  higher-rate  filters,  Nos.  8  and  9,  the  clogged  material  in  the 
trenches  materially  reduced  the  desired  yield  of  these  filters. 
The  effect  of  rate  of  treatment  is  clearly  shown  in  the  next  table, 
which  compares  the  ixet  yield  of  these  filters  and  the  periods  ©f 
operation  and  obligatory  resting. 

Average  Daily  Net  Yields  of  Sand  Filters  Nos.  6,  7,  8  and  9. 


Sand 

Number  of 

Days  in 

Period 

of 

Operation 

Average 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Skrvick 

Filter 
Number 

Total 

Percentage  of 
Total  Period 
of  Operation 

6 

7 
8 
9 

151 
151 
151 
151 

74,000 
146,000 
253,000 
270,000 

7 

7 

25 

53 

5 

S 

17 

35 

RESULTS   ACCOMPLISHED  BY  INTERMITTENT   SAND  FILTERS  NOS.    10, 
11,    12    AND    13    IN    PURIFYING    THE    EFFLUENT    OF 

SEPTIC    TANKS. 

Results  of  Analyses.  Monthly  averages  of  the  analyses  of 
the  effluents  of  Filters  Nos.  10,  11, 12  and  13  are  presented  in  the 
next  tables.  Up  to  November  22,  1904,  Filters  Nos.  10  and  11 
received  the  effluent  of  the  8-hour  septic  tank  and  were  operated 
at  the  nominal  rates  of  300,000  and  450,000  gallons  per  acre 
daily,  respectively.     After  November  22,  1904,  these  filters  re- 
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ceived  the  effluent  of  the  16-hour  septic  tank.  Filters  Nos.  12 
and  13,  operated  at  the  same  rates,  prior  to  November  22,  1904, 
received  the  effluent  of  the  16-hour  septic  tank  and  after 
that  date  the  effluent  of  the  24-hour  tank.  For  the  first  two  or 
three  months  sewage  disappeared  readily  from  the  surfaces  of 
these  filters,  but  during  the  colder  weather,  as  surface  clogging 
became  pronounced,  the  sewage  remained  upon  the  surface  for 
hours  at  a  time,  as  shown  in  the  following  table  of  results  by 
months : 
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Degree  of  Purification.  The  efficiency  of  these  filters  in  the 
treatment  of  the  effluent  of  the  septic  tanks  is  shown  in  the  tables 
below.  The  percentage  removal  of  organic  matter  was  high, 
varying  between  80  and  90  per  cent.  As  will  be  discussed  later, 
these  filters  became  badly  clogged,  and,  due  to  this  cause,  their 
efficiency  during  the  latter  part  of  the  tests  was  greatly  reduced. 


Degree  of  Purification,      Percentages  of  Removal 
Referred  to  Applied  Sewage, 
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Degree  of  Purification*     Percentages  of  Removal 

Referred  to  Crude  Sewage. 
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Nitrification.  After  14  days'  operation  the  eflfluents  of  these 
filters  contained  3.2,  2.4,  2.7  and  4.9  parts  per  million  of  nitrogen 
as  nitrate,  respectively.  Well  nitrified  effluents  were  iQiiformly 
obtained  from  Filters  Nos.  10,  11,  12  and  13,  except  in  the  case 
of  Filter  No.  12,  which,  during  the  winter,  became  badly  clogged. 
So  far  as  relates  to  the  degree  of  nitrification  the  length  of  the 
period  of  septic  action  had  no  apparent  effect. 
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Clogging,  The  surface  material  in  Filters  Nos.  10,  11,  12 
and  13  was  subject  to  considerable  clogging,  owing  to  the  depo- 
sition of  the  finely  divided  suspended  matters,  which 
are  often  noted  in  the  effluents  of  septic  tanks.  The  clog- 
ging was  of  course  greatest  during  the  period  of  greatest  septic 
action  in  the  septic  tanks.  (See  Chapter  III.  for  records  of  sus- 
pended matter  in  septic  effluents. )  .  The  sand  layer  beneath  the 
surface  was  fouled  and  discolored  to  a  depth  of  about  0.75  inch 
on  an  average  by  a  deposit  of  finely  divided  suspended  matter. 
At  times  during  the  tests  these  filters  failed  entirely  to  pass  the 
sewage  applied  to  them  within  24  hours,  and  in  such  cases  the 
beds  were  allowed  to  stand  until  the  liquid  had  disappeared,  re- 
quiring several  days  in  some  instances.  As  soon  as  the  sewage 
had  disappeared  from  the  surface  the  mat  of  clogged  material 
was  allowed  to  dry  out  and  was  then  broken  up.  If  this  did  not 
improve  matters  the  clogged  layer  was  removed  from  the  filter. 

Filters  Nos.  10,  11,  12  and  13  were  raked  7,  7,  5  and  5  times, 
respectively,  but  owing  to  the  finely  divided  character  of  the 
clogging  matters,  the  effect  of  raking  was  not  lasting.  Con- 
ditions finally  became  aggravated  to  such  an  extent  that  after  8 
months  of  operation  it  was  necessary  to  remove  0.75  and  1.5 
inches  of  sand  (100  and  200  cubic  yards  per  acre),  respectively, 
from  Filters  Nos.  10  arid  11.  No  material  was  removed  from 
Filters  Nos.  12  and  13. 

On  March  9,  1905,  the  surfaces  of  Filters  Nos.  10,  11,  12  and 
13  were  found  to  be  covered  with  a  mat  of  suspended  matter 
from  0.5  to  0.75  inches  in  thickness.  Little  penetration  was  noted 
below  this  depth.  It  was  found  that  such  clogged  material 
could  best  be  removed  from  the  filter  in  a  frozen  condition,  as 
under  such  conditions  it  could  readily  be  shoveled  from  the  sur- 
face of  the  bed. 

In  general,  the  sand  filters  receiving  the  septic  effluents  were 
subject  to  more  serious  clogging  than  was  true  of  filters  receiv- 
ing the  effluents  of  other  types  of  preparatory  treatment.  This 
was  probably  due  to  the  especially  finely  divided  character  of 
the  suspended  matter  in  the  septic  effluents. 

Net  Bates,  Naturally,  in  view  of  the  clogged  condition  of 
the  surface  layers,  considerable  difficulty  was  experienced  in 
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operating  these  filters  at  their  nominal  rates  of  treatment. 
Periods  of  rest  were  of  frequent  necessity,  especially  during  the 
cold  weather  and  for  days  at  a  time  the  beds  failed  to  uncover. 
The  average  daily  yields  of  these  filters  and  data  relative  to  days 
in  actual  operation  and  out  of  service  were  as  follows : 

Average  Daily  Net  Yields  of  Sand  Filters  Nos,  10,  11,  12  and  13. 


Sand 

Number  of 

DaYS  in 

Pe'riod 

of 

Operation 

Averag-e 
Daily  Net 

Days  Out  of  Service 

Filter 
Number 

Yield  for 
Period. 
Million  Gal- 
lons per  Acre 

Total 

Percentage  of 
Total  Period 
of  Operation. 

10 
11 
12 
13 

312 
312 
212 
208 

257.000 
239,000 
212,000 
340,000 

51 
71 
60 
46 

16 

22 
28 

22 

RESULTS   ACCOMPLISHED   BY  INTERMITTENT   SAND   FILTERS   NOS.    14 
AND    15   IN   PURIFYING  THE  EFFLUENTS  OF  THE 

COKE    STRAINERS. 

Results  of  Analyses.  Sand  Filters  Nos.  14  and  15  were 
operated  at  the  nominal  rates  of  300,000  and  450,000  gallons  per 
acre  daily,  respectively.  These  filters  very  readily  disposed  of 
the  applied  coke  strainer  effluents,  and,  as  shown  below  in  the 
monthly  summary  of  average  results  of  analyses,  well  purified 
effluents  were  normally  obtained.  The  surfaces  of  these  filters 
were  notably  more  porous  and  at  all  times  allowed  sewage  to 
pass  more  freely  than  did  any  of  the  other  sand  filters  operated 
at  this  station. 
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Degree  of  Purification,  The  removal  of  organic  matter 
effected  by  these  filters  was  exceptionally  good  in  view  of  the 
fact  that  they  were  operated  principally  under  winter  con- 
ditions. Owing  to  the  thoroughness  of  the  preparatory  treatment 
received  by  the  applied  sewage,  clogging  was  little  in  evidence, 
better  facilities  for  aeration  were  afforded  and  a  greater  degree  of 
purification  was  thus  obtained.  The  monthly  efficiencies  of  these 
filters  were  as  follows: 


Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage. 
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Degree  of  Purification. 
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Putrescihility  of  Effluent,  During  the  six  months  of  opera- 
tion of  Filters  Nos.  14  and  15,  seventeen  samples  were  collected 
from  Filter  No.  14  and  eighteen  from  Filter  No.  1 5 ;  all  were  non- 
putrescible. 

Nitrification.  These  filters  began  to  nitrify  6  days  after 
sewage  was  first  applied.  The  effluents  contained  at  that  time 
4.3  and  6.1  parts  per  million  of  nitrogen  as  nitrates,  respectively. 
Nitrification  continued  to  be  very  active  throughout  the  period 
of  operation  of  Filters  Nos.  14  and  15.  The  effluents  of  these 
filters  contained  very  considerable  quantities  of  dissolved  oxygen 
and  yielded  stable,  well  oxygenated  effluents  at  all  times. 

Clogging.  The  surfaces  of  Filters  Nos.  14  and  15  required 
less  attention  and  were  in  better  condition  at  the  close  of  the 
tests  than  was  true  of  any  of  the  other  sand  filters.  These 
filters  were  never  badly  clogged  and  were  raked  only  upon  four 
occasions.  Moreover  this  raking  was  not  necessary,  and  was  done 
in  accordance  with  the  plan  in  operation  from  October  15  to 
November  5,  1904,  of  resting  the  beds  on  one  day  in  eight,  raking 
the  beds  upon  the  day  of  rest.  The  suspended  matter  in  the 
coke  strainer  effluents  averaged  50  parts  per  million.  As  shown 
in  Chapter  I.  of  this  report,  a  large  percentage  of  the  fat  in  the 
local  sewage  is  present  in  a  suspended  state.    This  was  removed 
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to  a  material  degree  by  the  several  processes  of  preparatory 
treatment  as  shown  in  Chapter  III.  Particularly  was  this  true 
of  the  coke  strainers.  As  is  well  known,  fats  are  usually  a 
factor  of  considerable  moment  in  clogged  sand  surfaces.  Studies 
of  the  condition  of  the  clogged  surface  sand  layers  have  shown 
that  the  filters  receiving  coke  strainer  effluent  contained  less  fat 
than  did  the  other  filters,  which  condition  further  explains  the 
high  yields  and  very  satisfactory  results  obtained  from  those  two 
filters.  No  material  was  removed  from  those  two  filters  during 
the  period  of  their  operation. 

Net  Bates.  Filters  Nos.  14  and  15,  receiving  the  effluent 
of  coke  strainers,  gave  the  highest  yields  of  any  of  the  sand  fil- 
ters thus  far  discussed.  The  thoroughness  of  the  clarification  of 
sewage  effected  by  the  strainers,  enabled  comparatively  high 
rates  to  be  maintained  upon  these  sand  filters,  which  is  further 
evidence  to  support  the  foregoing  statement  that  the  rate  of 
treatment  possible  in  filters  of  fine-grain  material  is  chiefly  con- 
trolled by  the  amount  and  character  of  the  suspended  matter 
contained  in  the  applied  sewage.  In  the  absence  of  marked  clog- 
ging on  the  part  of  the  surface  sand  layers  efficient  aeration  is 
afforded  the  filters,  and  nitrification  of  the  deposited  organic 
matters  is  encouraged.  These  conditions,  which  are  essential  for 
the  successful  operation  of  sand  filters,  are  more  nearly  ap- 
proached the  more  thorough  is  the  preparatory  treatment  of 
the  applied  sewage. 

RESULTS   ACCOMPLISHED  'BY   INTERMITTENT   SAND   FILTERS   NOS.    14 
AND  15  IN  PURIFYING  THE  EFFLUENT  OF  SEPTIC  TANK  D. 

« 

Results  of  Analyses,  After  the  discontinuance  of  the  tests 
upon  straining  through  coke  carried  on  in  Coke  Strainer  A, 
Filters  Nos.  14  and  15  received  the  effluent  of  Septic  Tank  D  and 
were  operated  at  the  nominal  rates  of  300,000  and  450,000  gal- 
lons per  acre  daily,  respectively.  These  filters  were  operated, 
with  this  influent,  for  3  months  only.  The  applied  sewage  con- 
tained at  times  considerable  amounts  of  finely  divided  suspended 
matters,  and  disappeared  with  difficulty  from  the  surface  of  the 
filters  at  such  times.  Monthly  features  of  operation  and  results 
of  analyses  are  presented  in  the  following  table : 
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Degree  of  Purification,  During  the  short  period  of  opera- 
tion of  these  filters,  fairly  good  results  were  obtained,  although 
the  reduction  in  nitrogen  as  free  ammonia  was  considerably  less 
than  that  observed  in  the  other  filters  treating  septic  eflfluent. 
The  efficiencies  of  these  filters  by  months  are  shown  in  the  fol- 
lowing tables : 


Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage, 
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Degree  of  Purification.    Percentages  of  Removal 

Referred  to  Crude  Sewage, 
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Piitrescihility  of  Effluents.  Questionably  putrescible  efiSu- 
ents  were  obtained  from  Filter  No.  14  in  the  case  of  one  sample 
and  in  two  instances  in  the  case  of  Filter  No.  15.  In  all  7  sam- 
ples were  examined  from  each  jfilter  during  this  period,  all  of 
which  except  as  just  noted  were  non-putrescible. 

Nitrification,  Nitrification  was  of  course  already  estab- 
lished in  the  filters  when  septic  sewage  was  first  applied.  The 
filters  continued  to  nitrify  in  a  moderate  way  until  the  close  of 
the  tests.  These  filters  were  put  out  of  service  in  April  at  the 
time  when  nitrification  was  again  becoming  active  so  that  the 
results  accomplished  with  respect  to  nitrification  are  not  strictly 
comparable  with  those  obtained  from  other  filters  receiving  sep- 
tic effluent.  Septic  sewage  was  not  superior  to  the  other  in- 
fluents, however,  in  facilitating  nitrification. 

Clogging,  The  same  general  comments  upon  clogging  ap- 
ply to  Filters  Nos.  14  and  15  as  are  to  be  found  in  the  section 
dealing  with  the  results  obtained  from  Filters  Nos.  10  and  13, 
inclusive.  Filters  Nos.  14  and  15,  when  receiving  septic  effluent 
were  raked  but  once.  No  material  was  removed  from  either 
filter  during  the  three-month  period  of  operation. 

Net  Rates,  The  clogging  of  the  surface  layers  in  these 
filters  prevented  the  ready  disappearance  of  sewage  from  the 
surface  so  that  at  times,  especially  during  the  colder  days,  the 
sewage  of  one  day  had  not  disappeared  upon  the  day  following 
and  under  such  circumstances  the  dose  for  that  day  was  omitted. 
Such  conditions  materially  reduced  the  net  yields.  As  shown,  in 
the  following  table,  these  beds  were  out  of  service  for  one-third 
of  the  total  period  of  their  operation. 
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Average  Daily  Net  Yields  of  Filters  Nos,  14  and  15. 


Number  of 

Days  in 

Period  of 

Operation 

Averag-e 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Sand  Filter 

• 

Number 

Total 

Percentag-e  of 
Total  Period 
of  Operation 

•    14 
15 

54 
54 

155,000 
219,000 

18 
17 

33 
32 

RESULTS   ACCOMPLISHED   BY  INTERMITTENT  SAND  FILTERS  NOS.    16, 

17  AND  18  IN  PURIFYING  THE  SETTLED  EFFLUENT 

OF    SPRINKLING    FILTER    A. 


Results  of  Analyses,  Filters  Nos.  16,  17  and  18  received 
the  settled  eflfluent  of  Sprinkling  Filter  A,  and  were  operated  at 
the  high  nominal  daily  rates  of  1,000,000,  2,000,000,  and  3,000,- 
000  gallons  per  acre,  respectively.  Initially  the  sewage  disap- 
peared from  the  surface  of  these  filters  in  from  0.6  to  6.3  hours 
but  after  a  few  weeks'  operation  clogging  became  so  pronounced 
that  the  filters  were  unable  to  pass  their  daily  allotted  quota  of 
sewage.  Leading  operation  data  and  the  results  of  analyses  sum- 
marized by  months  are  presented  in  the  following  table : 
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Degree  of  Purification. . .  Owing  to  the  high  rates  of  treat- 
ment carried  out  in  these  filters,  rather  unsatisfactory  results 
were  obtained  at  times,  comparatively  speaking.  As  would 
naturally  be  expected,  the  nitrification  and  the  reduction  ef- 
fected in  nitrogen  as  free  ammonia,  respectively,  was  materially 
lower  than  was  true  of  the  sand  filters  operated  at  lower  rates. 
These  beds,  owing  to  the  volume  of  sewage  applied  when  dosed, 
at  times  held  the  sewage  upon  the  surface  of  the  sand  for  many 
hours,  especially  after  clogging  had  become  pronounced,  and 
thereby  brought  about  anaerobic  conditions  which  naturally  re- 
sulted in  a  diminished  efficiency.  Periods  of  obligatory  rests  in 
the  case  of  these  beds  embraced  a  large  number  of  days.  Pre- 
ceding these  periods  of  rests,  marked  deterioration  in  the  charac- 
ter of  the  effluent  was  usually  noted  which  measurably  reduced 
the  average  efficiency  of  these  filters.  The  percentage  removal 
of  the  several  constituents  of  the  applied  sewage  and  of  the  raw 
(screened)  sewage,  respectively,  is  shown  by  monthly  periods  in 
the  following  tables: 


Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage* 


Sand  Filter  Mo.    16 

Saad  Filter  Mo. 

n 

Sand  Filter  Mo.    18 

Nitrogen 

Nitrogen 

Nitrogen 

Month 

g 

AS 

0 

AS 

Q 

AS 

19Cr4-5 

«§ 

U 

(4 

C 

< 

M 

.§ 

U 

a«, 

< 

M 

K 

5p 

o 

Sm 

< 

M 

K 

I- 

d 

o 
28 

H 

a 

< 

(4  (A 

>4  O 

d 
u 

^•5 

V  o 

H 

< 

H  n 

>  0 

8 

u 

ree  A 

C4 
H 
O 

•< 

45 

o 

83 

92 

n 

88 

O 

33 

O 

56 

61 

n 

17 

O 
30 

O 
64 

68 

» 

August 

50 

September 

57 

63 

55 

86 

26 

-11 

18 

76 

42 

55 

22 

59 

October 

54 

70 

78 

92 

52 

69 

75 

96 

41 

46 

39 

79 

November 

65 

74 

76 

91 

45 

63 

66 

74 

53 

58 

54 

82 

December 

82 

77 

78 

87 

74 

48 

60 

75 

65 

77 

82 

81 

January 

58 

80 

51 

69 

44 

45 

10 

63 

67 

74 

87 

97 

February  

63 

80 

35 

80 

•  • 

•  • 

•    • 

•  • 

75 

51 

56 

89 

Majch 

63 

83 

73 

95 

•  • 

•   • 

•   • 

•   ■ 

48 

59 

46 

49 

.    Average 

T 

66 

76 

67 

84 

55 

43 

50 

65 

59 

64 

60 

74 
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Degree  of  Purification.    Percentages  of  Removal 
Referred  to  Crude  Sewage. 


Sand  Filter  Mo. 

16 

Sand  Filter  Mo. 

n 

Sand  FlItT  Ma. 

f8 

Month 

NiTKOOBN 

AS 

NiTROOBN 
AS 

Hca 
Ho 

73 

Nitrogen 

AS 

H 

75 

< 

M 

H 
H 

a 
< 

96 

Q 
H 

74 

< 

H 

SI 

H 

61 

1904-5 

y 

a 
d 

£? 
o 

93 

9i 

O 

94 

& 

o 
85 

o 

«a 

^< 

77 

O 

*5 

\* 
O 

88 

o 

•  i 

^< 
81 

< 

M 

K 
H 
H 
U 

< 

Augfust 

77 

September 

81 

86 

74 

99 

66 

68 

45 

99 

86 

84 

56 

92 

October 

88 

92 

87 

99 

86 

94 

87 

99 

81 

81 

59 

96 

Norember 

87 

91 

81 

97 

84 

88 

75 

98 

84 

86 

65 

97 

December 

86 

72 

81 

95 

72 

38 

54 

93 

69 

78 

85 

92 

January 

84 

90 

65 

93 

77 

67 

30 

95 

84 

88 

89 

99 

February 

79 

90 

37 

91 

•  • 

•    ■ 

•  • 

76 

81 

67 

91 

March 

79 
83 

90 

87 

78 
75 

98 
97 

•  • 

79 

•   • 

75 

•   • 

63 

91 

73 

78 

82 
83 

59 
71 

99 

Average 

92 

Putrescihility  of  Effluents.  While  all  the  samples  exam- 
ined from  Filter  No.  16  were  non-putrescible,  those  from  Filters 
Nos.  17  and  18  were  of  a  much  inferior  quality,  due  to  clogging, 
and  at  times  were  unstable.  Summarized  putrescihility  results 
are  as  follows : 

Putrescihility  of  the  Effluents  of  Sand  Filters  Nos.  16, 17  and  18. 


Sand  Filter 

• 
Number  of  Sampi.es 

Number 

Total 
Examined 

Non-Putres- 
cible 

Questionably 
Pulrescible 

Putrescible 

16 
17 
18 

22 
16 
22 

21 
12 

18 

1 
2 
3 

0 
2 
1 

Nitrification.  Nitrification  was  equally  slow  in  starting  in 
the  case  of  Filters  Nos.  16,  17  and  18.  After  9  days  operation 
the  respective  effluents  contained  only  3.0,  3.3  and  3.1  parts  ni- 
trate nitrogen  per  million  and  not  until  November  was  the  maxi- 
mum amount  of  nitrates  produced.     These  low  results  are  prob- 
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ably  to  be  attributed  to  the  high  rates  of  treatment  carried  out  in 
these  filters  and  the  impaired  aeration  which  was  induced  by  the 
surface  clogging  which  began  to  manifest  itself  soon  after  the 
beds  were  first  put  into  service. 

Clogging,  The  practical  diflSculty  encountered  in  operat- 
ing high  rate,  subsidiary  sand  filters  usually  refers  to  the  main- 
tenance of  the  surface  material  in  a  porous  condition  and  in  such 
a  state  that  the  proper  aeration  of  the  filter  will  remain  unim- 
paired. Depending  of  course  upon  the  character  of  the  sus- 
pended matter  and  the  extent  to  which  it  has  been  removed  by 
subsidence,  sand  filter  surfaces  receiving  sewage  of  this  charac- 
ter are  subject  to  more  or  less  clogging.  For  a  number  of  caus- 
es, as  will  be  discussed  in  Chapter  VI,  the  effluent  of  Sprinkling 
Filter  A  was  of  very  poor  quality,  especially  as  to  suspended 
matter,  and  consequently  placed  a  heavier  load  upon  the  sub- 
sidiary sand  filters  than  would  normally  have  been  expected  to 
be  the  case.  The  suspended  matter  was  very  much  more  finely 
divided  than  is  generally  understood  to  be  true  of  that  contained 
in  the  effluents  of  properly  designed  and  operated  sprinkling 
filters  with  a  result  that  the  high  rates  of  operation  attempted 
with  these  subsidiary  devices  soon  produced  excessive  clogging 
which  appeared  as  a  penetration  which,  in  the  case  of  Sand 
Filter  No.  18  extended  into  the  sand  to  a  depth  of  about  3.5 
inches.  Filter  No.  16  was  raked  6  times ;  Filter  No.  17,  5  times 
and»Filter  No.  18,  6  times.  These  surface  rakings  did  not  ap- 
pear to  be  of  lasting  benefit  to  the  filters.  In  March  when  these 
devices  went  out  of  service,  sewage  would  remain  upon  the  sur- 
face for  several  days  indicating  that  a  clogged  condition  of  the 
surface  material  due  to  deep  penetration  can  best  be  remedied 
by  a  removal  of  the  sand  rather  than  by  a  superficial  raking 
which  is  generally  sufficient  in  low  rate  filters. 

In  reviewing  the  features  of  operation  of  these  filters,  it 
must  be  remembered  that  better  results  and  higher  yields  would 
probably  have  been  obtained  had  there  been  applied  the  settled 
effluent  of  one  of  the  sprinkling  filters  to  which  the  sewage  was 
applied  by  means  of  sprinkling  nozzles.  No  material  was  re- 
moved from  Filters  Nos.  16,  17  and  18  during  the  period  when 
operated  with  settled  sprinkler  effluent. 
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Net  Rates.  These  high  rate  filters  were  out  of  service  tor 
A  great  many  days  owing  to  the  clogged  condition  of  the  surface 
layers  and  it  was  found  to  be  practically  impossible  to  maintain 
the  nominal  rates  of  treatment  at  which  these  filters  were  operat- 
ed. The  results  of  Filters  Nos.  16,  17  and  18  cannot,  however, 
be  taken  as  criteria  of  yields  to  be  expected  from  filters  treating 
the  effluent  of  sprinkling  filters,  as  the  applied  sewage  cannot  be 
said  to  have  been  a  typical  settled  sprinkling  filter  effluent.  Data 
relative  to  the  periods  of  service  and  the  net  yields  obtained 
from  filters  Nos.  16,  17  and  18,  are  as  follows: 


Average  Daily  Net  Yields  of  Sand  Filters  Nos.  16,  17  and  18. 


Number  of 

Days  in 

Period  of 

Operation 

Average 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Sand  Filter 
Number 

Total 

Percentage  of 
Total  Period 
of  Operation 

16 
17 
18 

227 

227 
227 

675,000 

749,000 

1,129,000 

62 

111 

82 

27 
49 
36 

RESULTS   ACCOMPLISHED  BY  INTERMITTENT   SAND  FILTERS  NOS.    16, 
17,  AND  18  IN  PURIFYING  THE  UNSETTLED 

EFFLUENT    OF    CONTACT   FILTER   E.  * 


Results  of  Analyses.  The  application  of  settled  sprinkling 
filter  effluent  to  Sand  Filters  Nos.  16,  17  and  18  was  discon- 
tinued on  March  31,  1905,  and  after  a  rest  of  a  week  and  con- 
tinuing until  May  1,  1905,  thefee  filters  received  the  effluent  of 
Primary  Contact  Filter  E  at  the  nominal  rates  of  500,000,  1,000,- 
000,  and  1,500,000  gallons  per  acre  daily,  respectively.  The 
sand  in  those  filters  was  badly  clogged  from  the  eflEect  of  the 
winter  operation  with  settled  sprinkling  filter  effluents  and  as  a 
result  the  two  higher  rate  filters,  Nos.  17  and  18,  required  on  an 
average  about  13  hours  before  the  sewage  disappeared  from  the 
«and  surface.  Results  of  operation  and  analyses  during  the 
period  are  presented  in  the  following  table : 
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Degree  of  Purification,  The  results  obtained  from  these 
jfilters  were  rather  unsatisfactory  and  are  doubtless  explained  by 
the  clogged  character  of  the  surface  sand  and  the  impaired 
aeration  of  the  filter  effected  thereby.  The  percentage  remov- 
als of  nitrogen,  oxygen  consumed  and  bacteria,  respectively, 
were  as  follows: 


Degree  of  Purificatio7i,     Percentages  of  Removal  Re/erred  to 
Applied  and  Crude  Sewage^  Respectively, 
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PQ  • 

Applied  Sewage  . . 

78 

Crude  Sewage 

88 

92 

72 

78 

88  . 

89 

78 

93 

69 

85 

19 

74 

P'utrcscihility  of-  Effiuenis.  Two  samples  were  collected 
from  each  of  the  filters  during  their  period  of  operation.  Except 
m  the  case  of  one  sample  from  Filter  No.  18,  these  samples 
were  non-putrescible. 

Nitrification.  Owing  presumably  to  the  week's  rest  afford- 
ed these  filters  prior  to  their  operation  with  the  effluent  of  Con- 
tact Filter  E,  the  effluents  of  these  devices  during  their  short 
period  of  operation  were  fairly  well  nitrified. 

Clogging.  Filter  No.  18,  the  highest  rate  filter  of  the  pre- 
vious period  became  clogged  to  such  an  extent  that  a  removal  of. 
surface  material  was  necessary.  Accordingly,  3  inches  of  mater- 
ial was  removed  from  the  filter  corresponding  to  about  400  cubic 
yards  per  acre.  No  material  was  removed  from  Filters  Nos.  16, 
17  and  18  prior  to  re-operation  on  April  7,  1905. 
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Net  Rates,  Clogging  materially  reduced  the  yields  of  these 
filters  during  the  period  and  it  was  not  possible  to  obtain  an  av- 
erage yield  greater  than  about  450,000  gallons  per  acre  daily 
although  the  applied  sewage  was  fairly  low  in  suspended  matter. 
Leading  data  relative  to  periods  of  operation  and  rest  and  the 
average  daily  net  yield  of  these  filters  are  as  follows : 

Average  Baity  Net  Yields  of  Sand  Filters  Nos.  16,  17  and  18, 


Number  of 

Days  in 
Period  of 
Operation 

Averag-e 
Daily  Net 
Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Sand  Filter 
Number 

Total 

Percentage  of 
Total  Period 
of  Operation 

16 
17 
18 

20 
10 
20 

217,000 
429,000 
448,000 

9 
2 
9 

45 
20 
45 

RESULTS  OBTAINED  FROM  THE  INTERMITTENT  SAND  FILTERS  NOS.  16 
AND  18  IN  PURIFYING  THE  UNSETTLED  EFFLUENT  OF 

SPRINKLING   FILTER   E. 

Results  of  Analyses.  After  May  1,  1905,  Filter  No.  17  was 
discontinued  entirely.  Filters  Nos.  16  and  18  continued  in  ser- 
vice and  received  the  unsettled  eflfluent  of  Sprinkling  Filter  E. 
Before  applying  the  sewage,  sand  was  removed  from  Filter  No. 
18  to  a  depth  of  3  inches  or  400  cubic  yards  per  acre.  The 
surface  of  Filter  No.  16  was  not  disturbed.  The  nominal  rates 
of  treatment  employed  during  the  period  were  1,000,000  and 
2,000,000  gallons  per  acre  daily  in  the  case  of  Filters  Nos.  16 
and  18,  respectively.  During  May  the  sewage  disappeared  in 
about  1.3  hours,  but  in  June  the  surfaces  became  clogged  and 
the  sewage  remained  on  the  surfaces  of  the  filters  for  an  average 
of  15.5  hours.  The  average  results  of  analyses  of  the  effluents 
of  the  filters  are  shown  by  months  in  the  following  table: 
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Degree  of  Purification,  The  efficiency  of  these  filters  dur- 
ing the  month  of  ]\Iay  was  fairly  good,  but  the  quality  of  the 
effluents  deteriorated  greatly  after  about  six  weeks'  operation. 
The  removal  of  organic  matter  was  fairly  high  throughout  the 
period  of  operation  but  the  clogged  condition  of  the  sand  sur-  * 
faces  prevented  efficient  aeration  and  gradually  impaired  the 
general  efficiency  of  these  devices.  The  following  tables  show 
the  efficiency  of  these  filters  by  months : 

Degree  of  Purification,     Percentages  of  Removal 
Referred  to  Applied  Sewage, 
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Degree  of  Purification.     Percentages  of  Removal 
Referred  to  Crude  Sewage, 
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Putrescibility  of  Effluents.  Samples  were  collected  from 
the  effluent  of  Filter  No.  16  on  8  occasions.  Seven  were  non- 
piitrescible  and  1  was  questionably  putrescible:  6  samples  were 
collected  from  the  effluent  of  Filter  No.  18,  4  of  which  were  non- 
putrcfscible  and  2  samples  were  questionably  putrescible. 

Nitrificaiion,  The  nitrification  effected  in  these  filters  was 
low  owin^  to  the  lack  of  efficient  aeration. 

Clogging,  The  surfaces  of  these  filters  at  the  high  rates  of 
treatment  clogged  very  rapidly  illustrating  very  clearly  the  ne- 
cessity for  the  more  thorough  removal  of  suspended  matter  from 
the  effluents  of  coarse-grain  filters  before  they  are  applied  to  sub- 
sidiary devices.  Filter  No.  18,  although  stripped  of  clogged 
sand  before  operated  with  sprinkling  filter  effluent,  even  after 
1  week's  operation  required  one  surface  raking  to  enable  the  ap- 
plied sewage  to  pass  through  the  sand  to  the  outlet  of  the  filter. 

Data  relative  to  the  periods  of  rest  and  the  average  daily  net 
yields  of  these  filters  are  as  follows: 

Average  Daily  Net  Yields  of  Filters  Nos.  16  and  18. 


Number  of 

Days  in 

Period  of 

Operation 

Average 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Sand  Filter 
Number 

Total 

Percentage  of 
Total  Period 
of  Operation 

16 
18 

26 
26 

734,000 
93 1, COO 

0 

2 

0 
17 

Note. —  Net  ratete  reduced,  althoug-h  filters  remained  in  service,  since  on  several 
days  fillers  had  not  uncovered  and  total  dally  quantities  of  sewage  could  not  be  applied. 
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RESULTS  OBTAINED  FROM  INTERMITTENT  SAND  FILTERS  NOS.   19,   20 
AND  21  IN  PURIFYING  THE  EFFLUENT  OF  PRIMARY 

CONTACT  FILTER  A. 

Results  of  Analyses.  Filters  Nos.  19,  20  and  21  received 
the  effluent  of  Primary  Contact  Filter  A  and  were  operated  at 
the  nominal  rates  of  1,000,000,  2,000,000  and  3,000,000  gallons 
per  acre  daily,  respectively.  During  the  first  three  months  of 
operation  these  filters  passed  their  daily  dose  of  sewage  with 
comparative  ease,  but  when  cold  weather  set  in,  the  filters  began 
to  exhibit  signs  of  clogging,  showing  that  in  the  long  run  filters 
receiving  sewage  of  this  character  cannot  be  operated  at  such 
high  nominal  rates.  Monthly  average  results  of  the  analyses 
of  the  effluents  of  Filters  Nos.  19,  20  and  21,  were  as  follows : 
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Degree  of  Purification.  Broadly  speaking,  well  purified 
effluents  were  obtained  from  these  filters.  In  judging  these  high 
rate  filters  and  the  purification  effected  by  them,  the  yield  is 
of  first  importance  since  conditions  favoring  high  net  yields  are 
generally  followed  by  a  high  degree  of  purification  as  well.  The 
percentage  removal  of  nitrogen  as  free  ammonia  was  somewhat 
lower  than  that  of  the  other  high  rate  filters  as  was  true  also  of 
the  reduction  in  oxygen  consumed.  A  decreased  reduction  in 
free  ammonia  and  in  oxygen  consumed,  accompanied  by  rather 
limited  nitrification,  are  usually  associated  with  the  mainten- 
ance of  rates  somewhat  higher  than  will  be  practical  for  a  con- 
tinued period  of  time.  The  detailed  efficiencies  of  Filters  Nos. 
19,  20  and  21  by  months  are  as  follows : 


Degree  of  Purification.      Percentages  of  Removal 
Referred  to  Applied  Sewage, 


Sand  Filter  Mo. 

19 

Sand  Filter  No. 

20    , 

Saad  Filter  Mo.  21 

Nitrogen 

Nitrogen 

Nitrogen 

Month 

AS 

Q 

AS 

AS 

1904-5 

»g 

y. 

< 

M 
Pi 

^l 

y 

Srt 

< 

K 

g§ 

u 

^Vi 

< 

M 

hqq 

a 

o 

H 

iA  en 

13 

-<•= 

H 

H  CQ 

•v4 

^  — 

H 

i^5 

u 

«5 

H 

a 

< 

0  ?5 
>.  O 

bo 

u 

^  6 

H 

< 

OK 
>■  O 
MO 

H 

a 

< 

• 

52 

o 

74 

84 

» 

O 
43 

O 

85 

67 

•  • 

O 

41 

o 
46 

49 

m 

August 

September 

56 

70 

86 

89 

41 

51 

89 

87 

41 

53 

57 

70 

October 

64 

67 

73 

88 

51 

51 

59 

78  : 

53 

29 

74 

58 

November 

54 

47 

60 

43 

68 

80 

96 

92 

63 

76 

89 

86 

December 

61 

67 

57 

88 

58 

70 

89 

87 

61 

70 

93 

91 

January 

•   • 

^    , 

•  • 

58 

57 

92 

90 

61 

70 

94 

76 

February  

71 

60 

92 

93 

55 

42 

86 

87 

66 

71 

84 

49 

March 

74 
48 

63 

68 

84 
43 

84 
71 

68 
-32 

59 
68 

43 
81 

74 
67 

68 
51 

57 
86 

56 

59 

80 

April 

86 

May 

•   • 

•   • 

•   • 

•   • 

59 

56 

89 

99 

•   • 

•    ■ 

•  • 

•  • 

June 

•   • 

65 

63 

•   • 

72 

•   • 

75 

26 
50 

-146 
33 

26 
61 

76 
79 

56 
58 

83 
68 

-10 
68 

92 

Average 

78 
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Degree  of  Purification.     Percentages  of  Removal 
Referred  to  Crude  Sewage, 


Sand  Filter  Mo. 

19 

Sand  Filter  Mo. 

20 

Sand  Filter  Mo.  21 

MiTROGEN 

Nitrogen 

Nitrogen 

Month 

AS 

AS 

AS 

Q 
H 

2^ 

< 

5«S 

< 

S5P 

1904-5 

O 

a 

U 

.2 
'5 

u 

< 

H 

a 

bo 
u 

o 

H 
H 

< 
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c 
rt 
bs 
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o 
£8 

H 

XYGB 
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•«4 
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o 
£8 

H 

S 

85 

O 

90 

91 

•     ■ 

52 

O 
89 

59 

72 

81 

O 

79 

70 
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August 

•  ■ 

September 

89 

89 

90 

95 

85 

85 

93 

92 

85 

85 

72 

79 

October 

82 

87 

73 

93 

76 

85 

58 

90 

81 

78 

72 

93 

November 

84 

76 

68 

70 

89 

91 

96 

96 

87 

89 

91 

93 

December 

92 

91 

81 

96 

92 

93 

96 

96 

92 

93 

97 

97 

January  

•  • 

89 

89 

98 

98 

90 

94 

98 

95 

February 

90 

91 

97 

94 

92 

92 

96 

96 

83 

90 

94 

96 

March 

74 

78 

78 

88 

63 

75 

16 

82 

72 

76 

39 

93 

April 

89 

93 

72 

92 

69 

90 

4 

93 

80 

91 

60 

93 

May 

•   • 

•  • 

•  • 

•  • 

90 

94 

97 

99 

, 

, 

•   • 

•  • 

June 

•  • 

84 

•   • 

86 

•  • 

78 

•  • 

90 

-2 
76 

-96 
73 

-36 
69 

81 
91 

40 
81 

86 

87 

35 

78 

94 

Average 

90 

Piitrescihility  of  Effluent.  In  the  main,  non-putrescible 
effluents  were  obtained  from  these  filters.  The  results  of  the 
putrescibility  tests  are  shown  in  the  following  table: 

Piitrescihility  of  the  Effluents  of  Sand  Filters  Nos.  19,  20  and  21. 


Sand 

Number  of  Sampi.es 

FlI^TER 

Number 

Total 
Examined 

Non- 
Putrescible 

Questionably 
Putrescible 

Putrescible 

19 
20 
21 

23 
29 

28 

23 

27 
25 

0 
1 

2 

0 
1 

1 

Nitrification.  Nitrification  became  established  in  Filters 
Nos.  19,  20  and  21  in  about  17  days  after  the  start,  and  was  fair- 
ly well  maintained  throughout  the  winter  months.  Filter  No. 
21  rested  from  September  29  to  October  29,  1904,  and  when  sew- 
age was  again  applied,  nitrates  appeared  in  the  effluent  to  the 
extent  of  41.3  parts  per  million.  This  condition  shows  clearly 
the  material  oxidation  of  crude  organic  matter  which  may  be 
expected  during  periods  of  rest. 
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Clogging.  The  high  nominal  rates  at  which  these  filters  were 
operated  soon  induced  marked  clogging  on  the  part  of  the  sur- 
face sand  layers.  The  suspended  matter  in  the  applied  sewage 
was  generally  finely  divided  and  had  a  marked  tendency  to  pene- 
trate the  sand  preventing  thereby  the  ready  access  of  air  and 
eventually  causing  an  accumulation  of  organic  matters  to  the 
depth  of  from  2  to  3  inches.  Filter  No.  19  was  raked  5  times; 
Filter  No.  20,  6  times  and  Filter  No.  21,  4  times.  FHter  No.20 
became  so  badly  clogged  that  raking  did  not  suffice  to  restore  the 
normal  porosity  of  the  surface  sand  and  on  April  24,  1905  after 
about  8  months '  operation,  it  became  necessary  to  remove  3  inches 
of  filtering  material,  equivalent  to  a  removal  of  400  cubic  yards 
per  acre  and  of  2.25  cubic  yards  per  million  gallons.  No  sand 
was  removed  from  Filters  Nos.  19  and  21  during  the  tests. 

Net  Hates.  The  yields  obtained  from  these  three  filters 
operated  at  such  relatively  high  nominal  rates  were  but  slightly 
in  excess  of  500,000  gallons  per  acre  daily.  The  primary  cwitact 
filter  effluent  which  was  applied  to  Filters  Nos.  19,  20  and  21 
was  at  least  half  the  time  of  an  unstable  character,  so  that  at 
times  these  filters  were  virtually  called  upon  to  oxidize  as  much 
organic  matter  as  the  lower  rate  filters  were  receiving.  Under 
such  conditions  rapid  clogging  soon  rendered  the  high  rates  im- 
possible and  only  by  careful  attention  was  it  possible  to  obtain 
yields  even  as  great  as  500,000  gallons.  In  cases  where  a  greater 
degree  of  purification  is  effected  by  the  contact  filter  it  is  prob- 
able that  higher  yields  could  be  obtained. 

The  net  yields  of  Filters  Nos.  19,  20  and  21  and  leading  data 
relative  to  the  period  of  operation  and  rest  were  as  follows :     . 

Average  Daily  Net  Yields  of  Sand  Filters  Nos.  19,  20  and  21. 


Number  of 

Days  in 

Period  of 

Operation 

Average 

Daily  Net 

Yield  for 

Period. 

Gallons  per 

Acre 

Days  Out  of  Service 

Sand  Filter 
Number 

Total 

Percentage  of 
Total  Period 
of  Operation 

19 
20 
21 

244 
317 
317 

516,000 
555,000 
525,000 

53 

90 

122 

22 
28 
38 

SAND   FILTERS  217 

BACTERIA  IN   THE  EFFLUENTS   OF   SAND  FILTERS. 

Owing  to  the  high  rates  at  which  the  sand  filters  were  op- 
erated the  total  numbers  of  bacteria  in  the  effluents  were  per- 
haps on  the  average  somewhat  higher  than  is  usually  the  case  for 
effluents  of  this  type  of  sewage  filter.  The  numbers  of  bacteria 
naturally  varied  greatly  with  changes  in  temperature,  periods 
of  clogging,  resting  or  raking  of  the  sand  filter  surfaces,  but  were 
related  in  a  general  way  to  the  amount  of  nitrification  in  the  fil- 
ters and  the  relative  abundance  of  dissolved  oxygen  in  the  efflu- 
ents. The  average  numbers  of  total  bacteria  varied  from  60,000 
per  cubic  centimeter  in  the  effluent  of  Filter  No.  2,  receiving  grit 
chamber  sewage,  to  800,000  per  cubic  centimeter  in  the  case  of 
Filter  No.  11,  receiving  at  a  high  rate  the  effluent  of  Septic 
Tank  A. 

Making  no  allowance  for  bacterial  growths  in  the  prepara- 
tory treatments  the  removal  of  the  total  numbers  of  bacteria  in 
the  raw  sewage  ranged  from  78  to  99  and  averaged  87  per  cent. 

NUMBERS  OF  B.  COLI  IN  THE  EFFLUENTS  OF  SAND  FILTERS. 

Such  data  as  were  obtained  relative  to  the  number  of  B. 
coli  in  certain  of  the  intermittent  sand  filters  are  here  reported. 
The  results  were  obtained  by  the  thorough  determinative  testa 
recommended  by  the  Committee  on  Standard  Methods.  Pres- 
sure of  other  lines  of  work  prevented  extensive  work  along  this 
line.  From  these  results  it  appears  that  the  number  of  B.  coli 
in  the  effluents  of  the  sand  filters  ranged  from  500  to  10,000  per 
cubic  centimeter,  and  averaged  6,000  per  cubic  centimeter.  The 
corresponding  applied  sewage  contained  an  average  of  410,000 
coli  per  cubic  centimeter,  showing  an  average  removal  of  98.5  per 
cent. 
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Available  Data  Relative  to  the  Total  Numbers  of  Bacteria  and  B. 
Coli,  Respectively,  in  the  Effluents  of  Sand  Filters. 


I  Filter 
inber 

Total  Number  of  Bac- 
teria per  Cubic  Cen- 
timeter 

B.  Coli  per  Cubic 
Centimeter 

Percentage 
Removal 

0) 

Influent 

Effluent    . 

Influent 

Effluent 

Total 
Numbers 

B. 

Coli 

10 

3.000,000 

300,000 

100,000 

10,000 

90.1 

90.0 

12 

}  ,400,000 

380,000 

50,000 

5,000 

73.4 

90.0 

13 

4,700,000 

270,000 

400,0C0 

5,000 

94.5 

98.7 

14 

3,900,000 

440,000 

1,000,000 

10,000 

88.8 

99.9 

16 

2,800,000 

69,000 

300,000 

2,500 

97.5 

99.2 

19 

4,700,000 

140,000 

1,000,000 

10,000 

97.0 

99.0 

21 

1,400,000 

130,000 

50,000 

500 

90.6 

99.0 

AMOUNTS   OF   SUSPENDED   MATTER  APPLIED   TO   SAND  FILTERS 
AND  THE   RELATION  THERETO  OF   THE  RATES 

OF    TREATMENT. 

Showing  the  effect  of  the  amounts  of  suspended  matter 
applied  to  the  net  yields  of  the  different  sand  filters  the  follow- 
ing table  is  presented.  The  results  obtained  from  Filters  Nos.  1 
to  15  clearly  show  the  effect  of  the  character  of  the  applied  sew- 
age, the  net  rates  increasing  in  a  general  way  to  correspond  to 
the  efficiency  of  the  preparatory  process.  The  high  rate  filters, 
Nos.  16  to  21,  inclusive,  although  receiving  comparatively  small 
amounts  of  suspended  matter,  were  operated  at  very  high  rates 
with  sewage  containing  crude  organic  matter  considerably  in  ex- 
cess of  that  usually  true  of  the  effluents  of  coarse-grain  filters. 
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Effect  on  Rates  of  Treatment  of  the  Suspended  Matter 
in  the  Sewage  Applied  to  Sand  Filters. 


2 

M    H 

SUSPENDED 
MATTER 

» 

Parts  per 

Tons 

Period 

Source  op  the 

Million 

Applied 

p 

S  (^ 

?* 

H 

S 

M 

1904-5 

Applied  Sewage 

2     CO 

>      M 
< 

C 

s 

a 

a 
o 
:2  (0 

^  a 

3^ 

<  a 

u  a 

1^ 

1 

2 

A  up.  16  to  June  30 
Aug-.  16  to  Apr.  17 

j-  Grit  Chamber -j 

81.000 
118,000 

148 
137 

5 
10 

.62 

.58 

18.06 
23.84 

3 

4 

5 

Aug-.  16  to  Apr.  17 
Aug.  16  to  June  30 
Augr.  16  to  June  30 

V  Plain  Settling  Tank ■] 

139,000 
274,000 
347,000 

70 

78 
78 

5 
10 
20 

.29 

.33 
.33 

13.^ 
31.81 
40.24 

6 

7 

Aug.  16  to  Nov.  30 

1  Chemical  Precipitation.,  j 
i           (Lime  and  Iron)           { 

246.000 
328,000 

70 
70 

5 
10 

.29 
.29 

26.09 
34.95 

8 
9 

Aug-.  16  to  Nov.  30 

1  Ch*»raical  Precipitation . .  j 
1     (Sulphate  of  Alumina)    1 

218.000 
310,000 

39 
39 

5 
5 

.16 
.16 

12.92 
18.41 

6 
7 

Dec.  1  to    Apr.  17 

!■  Plain  Settling  Tank ] 

74,000 
146,000 

72 
72 

15 
10 

.30 
.30 

8.03 
15.84 

8 
9 

Dec.  1  to    Apr.  17 

!■  Plain  Settling  Tank ] 

253,000 
270,000 

72 

72 

15 
45 

.30 
.30 

27.46 
29.17 

10 
11 

Aug*.  16  to  June  30 

*  Septic  Tank j 

f        (8-16  hour  period)          | 

257,000 
339,000 

73 
73 

15 

25 

.31 
.31 

27.82 
36.88 

12 
13 

Aug-.  16  to  Apr.  16 

1  Septic  Tank j 

f        (16-24  hour  period)         | 

212,000 
340,000 

68 
68 

25 
30 

.29 
.29 

21.98 
34.65 

14 
15 

Aug-.  16  to  Feb.    1 

[  Coke  Strainer ■ 

260,000 
372,000 

50 
50 

10 
5 

.21 
.21 

19.55 
28.19 

14 
IS 

Feb.  1  to    Apr.  13 

(^  Septic  Tank j 

\            (4  hour  period)            ( 

155,000 
219,000 

96 
% 

30 
60 

.40 
.40 

22.61 
31.94 

16 
17 
18 

Aug.  16  to  Apr.    1 

Settled  Effluent  of  Sprink- j 
■     lingFilterA "j 

675,000 

749,000 

1,129,000 

35 
35 
35 

15 
20 
15 

.15 
.15 
.15 

44.24 
4U.16 
60.56 

19 
20 
21 

Augf.  16  to  June  30 

(unsettled  Effluent  of  Pri- j 
L     mary  Contact  Filter  A .  j 

516,(jOO 
555,000 
525,000 

31 

3r 

31 

20 
30 
15 

.13 
.13 
.13 

18.64 
25.82 
24.40 

CHARACTER  OF  THE  SUSPENDED  MATTER  IN  THE  EFFLUENTS  OF  THE 

SEVERAL    PREPARATORY    PROCESSES. 

The  highest  yields  were  obtained  from  the  filter  receiving 
the  effluent  of  the  coke  strainer.  This  fact,  while  illustrating 
the  effect  of  a  high  removal  of  suspended  matter  before  the  treat- 
ment of  sewage  upon  sand  filters,  also  shows  an  intimate  relation 
between  the  degree  of  clogging  and  the  absence  of  fatty  matters 
and  finely  divided  particles.     This  feature  is  well  illustrated  by 
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the  following  table  which  shows  the  small  amount  of  nitrogen 
and  fats  stored  in  the  surface  layers  of  Filter  No.  14  as  compared 
with  that  in  certain  of  the  other  sand  filters. 

Clogging  Matter  in  the  Sand  of  Represent ative  Sand  Filters, 


E 


u 


1X4 
1 

4 
10 

12 

14 
16 

19 


Source  of  Influent 


Character  of 
Clogging 


Grit  Chamber 1  Penetration 


Plain  settling  tank 

Septic    tank,    (8-16   hour, 
period) 

Septic   tank   (16-24   hour 
period) 

Coke  strainer 

Settling  sprinkling  filter 
effluent 

Unsettled   contact    filter 
effluent  


Penetration. . 

Mat 

Mat 

Penetration . , 

Penetration. . 

Penetration. . 


O    (A 

as 

p  be 
ao 


0.25 
l.CO 

0.50 

0.50 
0.25 

1.50 

0.50 


Parts  per 

MlI,I,ION 

BY  Weight 


c 
u  be 

o 


2,920 
2,560 

2,090 

2,000 
1,360 

2,600 

1,840 


I   ^ 

U    9i 
CO    3 

<«  CO 


6,190 
2,470 

3,470 

3,870 
1,970 

2,570 

2,590 


a 
o 

CO 


(4 

fa 


en  *^ 


2.86 
4.57 

3.23 

3.60 
0.92 

7.17 

2.41 


COMBINED   QUALITATIVE   AND   QUANTITATIVE   EFFICIENCY   OF   INTER- 
MITTENT SAND  FILTERS. 

An  expression  for  the  degree  of  purification  effected  by 
sand  filters  may  be  obtained  by  computing  the  percentage  of  the 
total  applied  unoxidized  nitrogen  which  appears  in  the  effluent. 
Such  a  result  indicates  the  qualitative  efficiency  of  the  filter.  By 
combining  with  such  data  the  total  quantity  of  sewage  applied 
for  a  given  period,  a  means  is  directly  furnished  for  comparing 
the  results  obtained  by  different  filters  irrespective  of  the 
character  of  the  applied  sewage  and  the  rates  of  treatment. 

The  results  obtained  from  Sand  Filters  Nos.  1-21  expressed 
in  this  manner  are  shown  in  the  following  table.  The  figures 
in  the  column  ''Pounds  Nitrogen  Per  Acre/'  were  computed 
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by  converting  the  respective  amounts  of  unoxidized  nitrogen  in 
influent  and  effluent  to  pounds  per  million  gallons  and  multiply- 
ing by  the  total  amount  of  sewage  treated  in  million  gallons  pef 
acre. 

Summary  of  Results  Accomplished  hy  Sand  Filters. 


D 
H 


1 

2 

3 

4 

5 

6 
7 

8 
9 

6 

7 

8 
9 

10 
11 

12 
13 

14 

15 

14 
15 

16 
17 
18 

19 
20 
21 


soukce  of  the 
Applied  Sewage 


j-Grit  Chamber -j 

>■  Plain  Settling  Tank . .  -! 

I  Chemical  Precipita-  j 
ftion  (Lime  and  Iron)  | 

I    Chemical  Precipita-   ( 

>  tiou  (Sulphate  of-< 
)         Alumina) r 

!•  Plain  Settling  Tank. .  ] 

j-  Plain  Settling  Tank. .  -j 

<  Septic  Tank j 

C     (8-16  hour  period)       | 

I  Septic  Tank j 

S     (16-24  hour  period)     1 

[  Coke  Strainer -j 

(Septic  Tank j 

S         (4  hour  period)        ( 

I  Settled  Effluent  of       J 
i     Sprinkling  Filter  A "j 

I  Unsettled  Effluent  of  ( 

>  Primary  Contact      < 
)     Filter  A | 


Net  Yield 

IX  Gallons 

per  Acke 


Daily 

Av- 

erage 


81.000 
118,000 

139,000 
274,000 
347,000 

246,000 
328,000 

218,000 
310,000 

74,000 
146,000 

253,000 
270,000 

257.000 
339,000 

212,000 
340,000 

260,000 
372,000 

155,000 
219,000 

675,000 
149,000 
,129,000 

516,000 
555.000 
525,000 


Total 


25.527,000 
28,718,000 

33,952,000 
85,813,000 
108,524,000 

26,278,000 
35,148,000 

23,379,000 
33,195,000 

10,133.000 
19,964,000 

34,711,000 
36,934,000 

80,258.000 
106,223,000 

50,892,000 
81,560,000 

43,618.000 
62,528,000 

11,140,000 
15,797.000 

155,217,00(1 
172,172,000 
259  623,000 

126,426.1  00 
175,327,000 
165,886  000 


Parts  per 
Million 


Total 
Nitrogen 


a 

3 
S 


19.6 
20.2 

16.6 
15.3 
14.4 

17.9 
17.9 

17.0 
17.1 

14.5 
14.5 

14.8 
16.5 


16, 
16, 

17 
17, 

18, 
18, 


15. i 
15.5 

14.1 
14.1 
13.1 

13.0 
12.4 
11.2 


a 


13.6 
14.4 

U.4 
14.8 
13.1 

9.4 
13.0 

11.2 
13.0 


13, 
15, 


13.0 
15.0 

14.1 
15.2 

14.8 
16.3 


14. 
19. 

14. 
16. 

11. 
12. 
12 

• 

12 

15, 

14, 


2«  = 
■dgw 

Wi  c  •^ 

♦^  V  rt 

25  '*- 


11.6 
12. 6 

14.9 

12.6 

9.1 

6.7 
10.3 

8.7 
9.6 

11.8 
14.2 

10.1 
9.6 

11.3 
H).5 

11.4 
11.6 

10.3 
15.6 

9.7 
9.6 

7.2 
5.1 
7.5 

8.4 

9.6 

11.1 


Pounds  of 

NirROGEN 

per  Acre 


« 

"a 

< 
o 


2  «  c 

Ui  fl  +- 


«5«M 

H  O  ^ 

U  ^  N 

U  K  ^ 
u  H 


O 
H 

M 

H  U 
O  M 

O  O 


4170 
4830 

2470 
3010 

4690 
10900 

i3coo 

4220 
9010 
8230 

3920 
5240 

1470 
3020 

3310 
4730 

1690 
2660 

1220 
2410 

9% 
2360 

4280 
5080 

2920 
2960 

10800 
14300 

7550 
9300 

7590 
11500 

4840 
7880 

6650 
9430 

3750 
8130 

1440 
2020 

%1 
1260 

18300 
20200 
28400 

9320 

7320 

16200 

13700 
18100 
15500 

8860 
14000 
15300 

59 
62 

90 
82 
63 

37 
58 

51 
56 

81 
98 

68 

58 

70 
65 

64 
68 

56 
86 

63 
62 

51 
36 

57 

65 
77 
99 


*  Applied  nitrogen  in  influent  was  unoxidized. 

Note:    With  a  greater   number  ot   observations  the  discrepancies  would  no 
doubt  be  less  marked.    The  average  figure  for  the  last  column  is  66  per  cent. 


As  a  matter  of  convenience  for  reference  the  average  rates 
of  filtration  and  the  average  analyses  of  influents  and  effluents 
are  given  in  the  next  table  of  all  sand  filters  excepting  a  few 
special  data  for  short  periods. 
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In  the  next  table  are  given  the  average  percentages  of  re- 
moval by  the  sand  filters  of  the  principal  constituents  of  sewage 
with  reference  both  to  the  influent  (A)  and  the  raw  sewage  (B). 
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Average  Removal  by  Sand  Filters  of  Constituents  of 
Applied  and  Raw   (Screened)  Sewage, 

Respectively, 


Period 

Rate 

Percentage  of  ] 

Removal 

Source 

OF 

Covered 

of 
Filtr- 
ation 

Oxygen 

Nitrogen 

AS 

. 

•4  ^ 

1»\T 

Bac- 

Sg 

A  PPI^IED 

IS  Y 

IN 
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Free 

A-' XI  ^. 

Q  S 
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Am- 
monia 

TERIA 

CO 

1904-5 
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A 

88*^ 

B 

89 

A 

90 

B 
91 

A 

90 

B 

90 

A 

98 

B 

1 

Grit             j  Aug-.  14  to 
Chamber    (  June  30 

81,000 

99 

2 

118,000 

89^^ 

91 

90 

92 

93 

93 
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99 
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.83t 

89 

86 

92 

94 

93 

94 

96 
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85 

80 

87 

90 

91 

88 

88 
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69 

81 

73 

85 
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MAXIMUM  PERMISSIBLE  RATES  OF  TREATMENT  IN  SAND  FILTERS  AND 
THE  SIGNIFICANCE  OF  PREPARATORY  TREATMENT 

IN  RELATION  THERETO. 

The  yield  of  sand  filters  is,  of  course,  largely  dependent 
upon  the  degree  to  which  the  surfaces  of  the  beds  become  and  re- 
main clogged  with  particles  of  suspended  mineral  and  organic 
matters.  A  study  of  the  filters  operated  at  this  station  receiving 
sewage  which  had  been  settled  at  high  and  low  velocities,  strained 
through  coke  and  that  which  had  undergone  septic  action  for 
periods  ranging  from  4  to  24  hours,  respectively,  showed  that 
there  was  practically  no  difference  in  the  results  obtained  with 
respect  to  yields  and  the  character  of  the  effluents  which  could 
not  be  ascribed  to  the  relative  amount  of  suspended  matter  in 
the  applied  sewage.  In  fact  the  experience  gained  at  this  station 
indicates  that  the  effluents  of  septic  tanks,  when  applied  to  sand 
filters,  other  conditions  being  equal,  require  that  greater  care 
and  attention  be  given  to  features  of  operation  than  is  the  case 
of  those  filters  receiving  plain  settled  sewage,  owing  to  the  rela- 
tively large  amounts  of  finely  divided  suspended  matters  which 
the  effluents  of  the  former  process  frequently  contain.  This 
feature  constitutes  one  of  the  most  serious  objections  to  septic 
treatment  particularly  as  a  preliminary  to  sand  filters,  and 
where  adequate  precautions  are  not  taken  in  the  design  of  such 
tanks  to  prevent  the  escape  of  abnormal  amounts  of  suspended 
matter  in  the  effluents  thereof,  will  always  be  a  prominent  factor 
in  cost  of  maintenance. 

Reference  to  the  sections  devoted  to  *' Clogging''  shows  that 
in  many  instances  not  only  the  amount  of  the  suspended  matters 
but  their  relative  fineness  and  especially  their  gelatinous  colloidal 
character  are  important  factors  governing  the  life  of  a  sand  filter 
and  the  necessary  attention  required  to  keep  the  surfaces  porous 
and  the  main  body  of  the  filter  well  supplied  with  oxygen  at  all 
times.  The  effluents  of  the  several  preparatory  processes  con- 
tained clogging  material  ranging  from  the  very  coarse  suspend- 
ed matter  remaining  in  suspension  at  high  velocity  of  flow,  such 
as  forms  a  superficial  impervious  layer,  to  the  colloidal 
hydrates  from  the  chemical  precipitation  tanks  and  the 
finely    divided    organic    suspended    matters    in    the    effluents 
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of  the  septic  tanks.  Generally  speaking,  the  greater  the  amount 
of  colloidal  matter  in  the  applied  sewage  the  more  frequent  will 
be  the  obligatory  periods  of  rest  and  the  greater  the  attention  re- 
quired by  the  sand  surfaces.  Finely  divided  matter  penetrates 
deeply  the  sand  surface  and  eventually  prevents  completely  the 
passage  of  sewage. 

Casting  up  the  evidence  available  from  these  tests  which 
of  course  were  of  too  short  duration  to  allow  of  very  definite 
statements  being  made  regarding  maximum  permissible  rates  of 
treatment,  it  may  be  said,  when  the  applied  suspended  matter 
does  not  exceed  about  100  parts  per  million  or  about  0.4  ton  per 
million  gallons  it  seems  clear  that  rates  of  treatment  of  about 
250,000  to  300,000  gallons  per  acre  daily  may  be  successfully 
and  readily  maintained  during  the  warmer  portions  of  the  year. 
Under  the  conditions  just  outlined  this  rate  is  about  equal  to  or 
slightly  higher  than  the  rate  advised  by  ^Mr.  Hering  in  his 
Columbus  report  of  1901.  This  experience  is  in  harmony  with 
Lawrence  results,  but  it  is  uncertain  as  to  the  cost  of  maintaining 
these  rates  in  winter  on  a  large  scale. 

Regarding  rates  of  treatment  of  settled  sprinkling  filter 
effluents,  positive  evidence  is  not  at  hand  from  these  tests.  It 
seems  very  probable,  how^ever,  that  rates  ranging  from  2.0  to 
3.0  million  gallons  per  acre  daily  could  be  successfully  employed, 
since  the  settled  elKhieuts  of  such  filters  (to  which  sewage  is 
applied  through  sprinkling  nozzles)  normally  contain  only  about 
30  to  50  parts  of  suspended  matter  per  million  and  are  well 
oxygenated  and  wM  nitrified.  In  fact  they  approach  in 
character  a  highly  polluted  surface  water  such  as  the  jMerri- 
mack  River  at  Lawrence  or  the  Hudson  at  Albany. 

Where  contact  filters  are  as  efficient  as  were  the  sprinkling 
filters  at  this  station  the  foregoing  statement  as  to  rates  of 
filtration  in  sand  filters,  i.  e.,  2.0  to  3.0  million  gallons  per  acre 
per  24  hours  would  no  doubt  hold  true.  With  the  results 
actually  obtained  with  contact  filters  at  Columbus,  however,  the 
remaining  crude  organic  matter  in  the  effluents  prevented  them 
from  being  successfully  sand-filtered  at  rates  exceeding  about 
500,000  gallons  per  acre  daily. 


CHAPTER    V. 


Treatment  of  Columbus  Sewage  by  Contact  Filters, 


Contact  filters,  sometimes  spoken  of  as  contact  beds  or 
bacterial  filters  or  oxidation  beds,  consist  of  3-  to  5-foot  layers 
of  broken  stone  or  coke.  Sewage  is  applied  to  them  once  or 
more  daily  by  closing  the  gate  on  the  outlet  pipe  and  filling  the 
pores ;  after  they  are  full  the  filter  is  allowed  so  to  remain  for  a 
short  period  and  then  the  liquid  is  slowly  drained  from  it.  In 
brief  they  are  coarse-grain  filters  operated  on  the  fill-and-draw 
plan.  This  type  of  filter  appears  to  have  originated  about  a 
dozen  years  ago  with  Mr.  Dibden,  then  chemist  of  the  London 
County  Council.  Following  the  early  Lawrence  investigations 
with  coarse  material  he  started  important  tests  at  Barking  and 
later  at  Sutton.  Since  then  manv  such  filters  have  been  built 
abroad  and  a  dozen  or  so  in  this  country.  They  have  received 
much  study  in  England  and  Germany  as  well  as  at  the  Lawrence 
Experiment  Station  of  the  ^Massachusetts  State  Board  of  Health. 

In  view  of  the  fact  that  in  their  report  of  1898  IMessrs. 
Griggs  and  Alvord  recommended  double  contact  filters  for  the 
treatment  of  the  local  sewage,  it  was  desired  to  learn  at  what 
rates  single  and  double  contact  filters  could  be  operated  to  pro- 
duce non-putrescible  effluents  when  receiving  the  local  sewage 
after  it  had  undergone  various  preparatory  treatments.  In  these 
investigations  certain  features  w^ere  studied,  particularly  those 
relating  to  the  best  rates  of  filling  and  draining  the  filters, 
periods  of  standing  full  and  of  resting  empty,  respectively.  For 
the  purpose  of  these  studies  six  contact  filters  were  originally 
provided,  four  primary  and  two  secondary  filters,  leading 
features  regarding  the  construction  and  operation  of  which  are 
as  follows: 
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CONTACT  FILTERS   TESTED. 

The  primary  filters  were  lettered  respectively,  A,  B,  C,  and 
D,  each  of  the  first  named  two  being  12.9  feet  in  diameter  (.003 
acre  in  area)  and  constructed  of  broken  stone,  and  the  last 
named  two  being  7.48  ft  in  diameter  (.001  acre)  and  constructed 
of  crushed  coke.  The  two  secondary  filters  also  7.48, ft.  in  di- 
ameter and  constructed  of  crushed  coke  were  lettered  A  and  B. 
All  of  the  filters  were  five  feet  in  depth,  and  were  supplied  in 
each  case  with  6  inches  of  underdrains  as  follows:  4  inches  of 
1.75  inch  to  3  inch  gravel  over  which  were  placed  2  inches  of 
0.625  inch  to  1.75  inch  gravel. 

Size  of  Filtering  Material.  The  filtering  material  of  which 
these  six  filters  were  composed  was  screened  substantially  free 
from  dust  and  fine  materials  and  ranged  in  size  as  follows: 

Primary  Contact  Filter  A 0.25  inch  to  1.00  inch 

Primary  Contact  Filter  B 0.25  inch  to  2.00  inch 

Primary  Contact  Filter  C 0.25  inch  to  1.50  inch 

Primary  Contact  Filter  D 0.50  inch  to  1.50  inch 

Secondary  Contact  Filter  A 0.25  inch  to  1.25  inch 

Secondary  Contact  Filter  B 0.50  inch  to  1.50  inch 

Initial  Voids,  At  the  start  of  the  tests  the  voids  in  the 
several  contact  filters  were  as  follows : 

Initial  Voids  in  Contact  Filters, 

Name  of  Filter.  Per  Cent.  Voids. 

Primary  Contact  Filter  A 43.1 

Primary  Contact  Filter  B 47.0 

Primary  Contact  Filter  C 54.0 

Primary  Contact  Filter  D 54.0 

Secondary  Contact  Filter  A 49.6 

Secondary  Contact  Filter  B 54.3 
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Brief  Statement  of  the  Principles  of  Contact  Filter  Treat- 
ment as  Generally  Recognized.  The  action  upon  sewage  of  a 
contact  filter,  while  essentially  effected  by  biological  agencies,  is 
also  to  a  substantial  degree  the  result  of  certain  physical  phe- 
nomena peculiar  to  the  process.  The  two  actions  combine  to  effect 
a  material  clarification  of  the  sewage,  affecting  both  the  sus- 
pended and  the  dissolved  matters  and  resulting  in  a  more  or  less 
complete  oxidation  of  the  unstable  complex  organic  compounds 
contained  therein.  When  a  filter  is  emptied,  air  is  drawn  in, 
resulting  in  a  partial  oxidation  of  the  organic  matters  which 
adhere  to  the  particles  of  the  filtering  material  when  the  sewage 
is  discharged  from  the  filter.  While  the  pores  of  the  filter  are 
filled  with  air  aerobic  bacterial  activity  flourishes.  Upon  filling 
the  filter  with  sewage  oxygen  is  rapidiy  exhausted,  and 
as  a  result  the  processes  of  oxidation  cease.  There  fol- 
lows a  period  of  anaerobic  action  which  effects  a  substantial  modi- 
fication of  the  organic  matters,  resolving  them  perhaps  to  simple 
forms,  to  be  acted  upon  by  the  oxidizing  agencies  which  again 
become  active  upon  draining  the  filter.  The  resulting  eflSuent 
of  a  well-constructed  contact  filter  operated  at  a  reasonable  rate 
is  usually  free  from  high  amounts  of  suspended  matters,  and  the 
crude  and  putrescent  matters  contained  in  the  sewage  are 
changed  into  non-putrescible  forms.  Where  a  single  contact  does 
not  succeed  in  effecting  this  result  the  eflSuent  of  the  first  filter 
is  discharged  into  a  second,  and  by  means  of  the  double  contact, 
provided  the  rates  of  treatment  are  not  too  high,  a  stable  effluent 
is  obtained. 

GENERAL  PLAN  OP  OPERATION. 

With  the  exception  of  Secondary  Contact  Filter  A,  which 
was  first  put  in  operation  on  September  1, 1904,  all  of  the  contact 
filters  were  started  in  operation  between  August  16-18,  1904,  and 
continued  until  June  27,  1905,  when  tests  on  the  contact  filter 
treatment  were  brought  to  a  close.  On  April  1  Sprinkling  Filter 
A  was  discontinued  as  such,  and  operated  from  that  date  until 
June  27  as  a  primary  contact  filter. 
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Applied  Sewage.  The  effluent  of  the  grit  chamber  was  ap- 
plied to  Primary  Contact  Filters  A,  B  and  E  throughout  the 
tests.  The  effluent  of  Coke  Strainer  A  was  applied  to  Primary- 
Contact  Filters  C  and  D  until  February  1,  1905,  and  from  that 
date  septic  sewage  was  applied.  The  effluent  of  Primary  Contact 
Filter  B  was  applied  to  Secondary  Contact  Filter  A  throughout 
the  tests,  and  also  to  Secondary  Contact  Filter  B  until  April  26^ 
1905,  after  which  date  septic  sewage  was  applied. 

Distribution.  In  all  instances  during  the  tests  the  influent 
pipes  to  the  contact  filters  were  located  at  the  surface  and  at  one 
side.  No  difficulty  was  experienced  in  filling  during  extreme  cold 
weather,  although  provision  was  made  to  fill  from  below  should 
it  become  necessary. 

Filling.  Only  in  exceptionally  rare  cases  was  the  rate  of 
filling  the  contact  filters  varied.  It  was  the  normal  practice  to 
fill  all  of  the  filters  in  a  space  of  one  hour. 

Period  of  Contact.  To  bring  out  special  features  as  to  the 
relative  merits  of  short  and  long  periods  of  contact,  the  time  of 
standing  full  was  varied  to  a  considerable  degree  in  the  case  of 
all  of  the  filters.  In  general  terms  the  period  of  contact  ranged 
from  0  to  2  hours,  although  periods  as  great  as  12  hours  were 
used  in  isolated  cases.  This  feature  of  operation  is  adequately 
discussed  further  on  in  this  chapter. 

Draining.  The  rate  at  which  the  contact  filters  were  drained 
ranged  from  1  to  3  hours,  equal  in  filters  5  feet  deep  to  a  down- 
ward velocity  of  from  about  0.5  to  about  1.5  m.  m.  per  second, 
respectively  (6  to  18  feet  per  hour).  The  rate  of  draining  was 
varied  in  order  to  obtain  information  upon  the  relative  advant- 
ages of  slow  and  rapid  emptying,  features  which  will  be  fully 
discussed  further  on  in  this  chapter. 
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Periods  of  Resting  Empty  Between  Doses.  This  feature 
in  the  operation  of  contact  filters  depended  upon  the  length  of 
the  other  periods  in  the  cycle.  The  periods  of  resting  empty 
between  doses  varied  from  3  to  20  hours.  The  prime  importance 
of  the  resting  empty,  or  oxidation,  stage  in  the  operation  of  con- 
tact filters  is  dwelt  upon  at  length  later  in  this  chapter. 

Cycles  of  Doses  and  Rates  of  Treatment,  In  general  terms 
the  number  of  daily  fillings  of  the  5-foot  contact  filters  ranged 
from  1  to  3,  corresponding  to  actual  rates  of  treatment  of  from 
800,000  to  2,400,000  gallons  per  acre  daily,  depending  upon  the 
open  space  in  the  filters.  These  rates  correspond  roughly  to  100 
and  300  gallons  per  cubic  yard  per  day  (5-foot  filter). 

The  net  rates  of  treatment  were  of  course  considerably 
lower  than  the  rates  above  mentioned,  on  account  of  the  periods 
of  rest  which  were  allowed  the  filters  at  various  times.    It  may 

be  w^ell  to  state  at  this  point  that  the  net  rates  of  filtration  re- 
ferred to  in  the  tables  to  follow  were  obtained  by  dividing  the 

total  amount  of  sewage  treated  in  a  given  period  by  the  total 

number  of  days  in  the  period. 

Periods  of  Rest  to  Increase  Nitrification  in  the  Filters.  In 
attempting  to  encourage  more  active  nitrification  in  the  filters 
they  were  at  .times  permitted  to  remain  out  of  service  for 
several  consecutive  days;  usually  one  week.  The  value  of  these 
resting  periods  in  the  accomplishment  of  the  desired  result  is 
fully  discussed  in  a  subsequent  portion  of  this  chapter. 

Sampling  Schedule.  To  determine  the  efficiency  of  the  con- 
tact filters  in  the  treatment  of  the  local  sewage,  samples  of  the 
several  influents  and  effluents  were  systematically  collected  for 
analysis  at  weekly  intervals.  The  hours  of  dosing  the  filters  were 
varied  throughout  the  tests  in  an  attempt  to  cover  all  conditions. 
When  a  filter  was  filled,  an  average  portion  of  the  applied  sewage 
was  collected,  and  when  emptied  at  least  three  portions  of  the 
discharge  were  collected  and  mixed  for  repi'esentative  samples 
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for  analysis.  Samples  for  bacterial  analysis  were  collected  at  the 
same  tiijie,  the  portions  being  analyzed  individually,  and  the 
results  averaged. 

Putrescibility  Tests  Added  to  Analytical  Data,  The  only 
important  feature  in  the  methods  of  analysis  employed  in  con- 
nection with  the  effluents  of  the  contact  filters  (and  also  sprink- 
ling filters)  which  requires  mention  here  refers  to  the  determi- 
nation of  putrescibility.  In  all  of  the  routine  work  the  pro- 
cedure in  this  test  was  as  follows: 

An  average  sample  of  the  effluent  in  a  bottle  which  was  com- 
pletely filled  and  tightly  stoppered  was  placed  in  an  incubator 
at  a  temperature  of  37  deg.  C.  At  the  end  of  48  hours  the 
stopper  was  removed  and  a  test  made  for  odor.  If  the  sample 
gave  off  no  offensive  odor,  nor  was  blackened,  a  non-putrescible 
result  was  recorded.  Where  the  odor  was  slight  and  disappeared 
almost  immediately  upon  removing  the  stopper  an  interrogation 
mark  was  recorded  in  the  putrescibility  column.  Where  the 
sample  had  blackened  and  gave  off  foul  odors  a  positive  sign  was 
recorded,  denoting  distinct  putrescence  of  the  sample.  Further 
detailed  information  regarding  the  putrescibility  test  is  contained 
in  the  Appendix  under  ** Methods  of  Analysis." 

Tiirhidity,  Through  the  kindness  of  Mr.  ^H.  W.  Clark, 
Chemist  of  the  Massachusetts  State  Board  of  Health,  turbidity 
standards  as  described  in  the  report  for  1904,  p.  246,  were 
used  for  a  time  in  noting  the  suspended  matter  in  effluents. 
These  standards,  containing  different  known  quantities  of  the 
sediment  obtained  from  coarse-grain  filters,  did  not  match  very 
well  the  turbidities  at  the  Columbus  station  and  they  were 
abandoned  quite  early  in  the  work  in  favor  of  the  weight  of 
suspended  matter  in  the  effluents. 
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RESULTS  ACCOMPLISHED  BY  CONTACT  FILTERS. 

In  the  following  tables  are  presented  in  the  form  of  sum- 
maries by  months,  the  results  of  analysis  of  samples  of  the  in- 
fluents and  eflSuents  of  the  several  contact  filters.  In  the  appen- 
dices these  data  are  given  in  detail. 
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Results  of  Chemical  and  Bacterial  Analyses  of  Influent  of 
Primary  Contact  Filters. 
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Results  of  Chemical  and  Bacterial  Analyses  of  Effluent  of 

Prijnary  Contact  Filters, 
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9 

• 

0 
0 
0 

9 

• 

0 
0 

9 


? 

0 

? 


M 

m 


<    M 


X 

a 


5" 

< 


2,400,000 
1,600/00 
1,200,000- 
1,100,000 
900,000 
1.400,000 
1,200,000 
1,400,000 
3.200.000 
4,700,000 

2,000,000 


4,200,000 

2,ioo,ooa 

1,500,000 

2,ooo,ooa 

600,000 
1.100,000 

i,7oo,ooa 

1,000,000 
1,100,000 
3,100,000 
4,900,000 

2,ooo,ooa 


2,000,000 
1,600,000 
2,200,000 

1,900,000- 
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Results  of  Chemical  and  Bacterial  Analyses  of  Influent  of 

Secondary  Contact  Filters, 


1904-5 
"Date 


Tkm- 

PER- 

ATUKE 

Deg.  F, 


Secondary  Contact 
Filter  A 


September 
October... . 
November. 
December . 
January.. . 
February.. 
March  ..   . 

May 

June 


Areragre. . 


Secondary  Contact 
Filter  B 

Aug"ust 

September 

October 

November 

December 

January 

February 

March 

May 

June 

Average 


7^ 
65 
60 
51 
50 
47 
51 
60 
66 

58 


69 
72 
65 
60 
51 
51 
47 
51 
60 
66 

59 


c 
s 


71 
63 
57 
50 
50 
44 
51 
59 
66 

57 


70 
71 
63 
56 
49 
49 
47 

5!) 

58 
66 


0 

p 

m 
o 

» 
O 

o 


24 
27 
21 
13 
12 
15 
32 
12 
34 

21 


21 
24 
27 

21 
13 
21 

20 
24 

32 
31 

23 


INFLUENT 


Parts  per  Million 


Nitrogen 

AS 


s 

bo 

u 

O 


3.5 
4.3 
5 


4.0 


3.2 

3.5 

4.3 

5, 

4. 

4 

3 

3 

4 

3, 


3.9 


s 
o 

B 

S 

< 

V 

9i 

u 

u 


10 

11. 
11 

6, 

2. 
2 

12. 

4. 

10. 


8.4 


9, 

10, 
11, 
11, 
6. 
6, 
3, 
9 
8. 
8. 


0.00 
0.80 
0.14 
30 
19 
11 
10 
08 


0.07 
0.20 


0.00 

o.ou 

O.SD 
0.14 
0.30 
0.11 
0.06 
0.07 


8.7  0.19 


0.1 
0.2 
0.1 
5.8 
6.3 
1.3 
(1.6 
1.5 
1.1 

1.9 


O.G 
0.1 
0.2 
0.1 

5.8 
3.4 
0.9 
0.9 


Residue  on  Evaporation 


Total 


(4 
o 


866 
954 
862 
815 
796 
719 
844 
774 
835 

833 


842 

8o6 
954 

8o2 
815 
8i9 
783 
796 
8>9 
78  i 

835 


•a 

Of 

> 
o 

CO 
CO 


851 
926 
833 
794 
776 
679 
808 
753 
804 

807 


0) 

s 

CO 

a 
t/5 


15 
28 
29 
21 
20 
40 
36 
21 
31 

26 


Volatile 


♦J 

o 


840 

2 

851 

15 

926 

28 

833 

29 

794 

21 

7'^9 

20 

755 

28 

739 

57 

748 

81 

709 

72 

799 

36 

94 
98 
87 
60 
95 
81 
88 
67 
106 

85 


92 
94 
98 
87 
60 
86 
91 
89 
104 
108 

90 


-d 
> 
o 

CO 

CO 


85 
83 
71 
54 
84 
71 
78 
58 
96 

75 


91 
85 
83 
71 
54 
7() 
83 
62 
83 
94 

77 


-d 
-d 

a 

CO 

en 


9 
15 
16 

6 
11 
10 
10 

9 
10 

10 


1 

9 
15 
16 

6 
10 

8 
27 
21 
14 

13 


F'lXED 


en 

♦J 
O 

8 


772 
856 
775 
755 
701 
638 
756 
707 
729 

748 


750 
772 
856 
775 
755 
733 
692 
707 
725 
673 

745 


•d 
> 
o 

CO 

CO 


766 
843 
762 
740 
692 
608 
730 
695 
708 

732 


749 
766 
843 
762 
740 
723 
672 
677 
665 
615 

722 


•d 

0) 

■d 

a 

CO 

en 


6 

13 
13 
15 

9 
3o 
26 
12 
21 

16 


\ 

13 
13 
15 
10 
20 
30 
60 
58 

23 


H 
> 

O 
CO 


H 

O 

o 


0.0 
0.0 

o.c 

0.5 
0.2 
0.2 
0.2 
0.1 
0.0 

0.1 


0.0 
0.0 
0.0 
0.0 
0.5 
0.2 
0.2 
0.2 


0.2 


PQ 
P 

O 


6,000,000 

2,500,000 

2,500,000 

800,000 

600,000 

470,000 

1,200.000 

700,000 

1,500,000 

1,600,000 


18,000,000 

6,000,000 

2,500,000 

2,500.000 

800.000 

600,000 

470,000 

1,200,000 

6,000,000 

7,000,000 

3,300,000 


Note;     On  and  after  April  26,  1905,  Secondary  Contact  Filter  B  received  the  effluent  of 
Septic  Tank  A. 
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Results  of  Chemical  and  Bacterial  Analyses  of  Effluent  of 

Secondary  Contact  Filters. 


1904-5 
Datb 


Secondary 
Contact 
Filtor  A 

September 

October. 

November 

December. 

January. 

February 

March. .. 

May 

June 


Averagre.. 


Secondary 
Contact 
Filter  B 

Au(fust 

September  . 

October 

November.. 
December... 
January  — 
February... 

March 

May 

June 

Average. . . . 


EFFLUENT 


o 

M 

hi 

Q 


01 


2.340 
1.361 
0.550 
0.819 
0.633 
1.061 
1.584 
1.981 
1.830 

1.226 


2.189 
2.420 
1.429 
0.623 
0.832 
1.270 
1.922 
2.413 
1.263 
1.225 

1.386 


2.8 
1.6 
0.7 
1.0 
0.8 
1.4 
2.0 
3.0 
2.8 


0 
u 

y 
tti 

o 
u 

H 
O 

o 


23 

18 

14 

10 

10 

14 

24 
9 

24 
16 


20 
21 
20 

18 

8 

16 

17 

18 
20 
13 

17 


Parts  per  Million 


Nitrogen  as 


d 

bi) 
u 

O 


n 
o 

S 

8 

< 


3 
2 
3 
3 
1 
2 
2 
1 
2 


6  10 


8 
9 
4 
2 
2 
11 
3 

r 


09 
V 

u 
♦J 


0. 

1, 

0. 

0, 

0, 

0. 

0. 

0.04 

0.04 


00 
98 
16 
26 
20 
13 
10 


2.5    6.7  0.32 


2.0 
3.4 
2.3 
4.3 
2.8 
2.6 
2.1 
2.1 
3.1 
2.4 

2.8 


0.00 
0.i»4 
1.32 
U.IO 
0.27 
0.53 
0.12 
0.12 
•  .17 


6  0.05 


7.20.28    2.2 


K 


0.2 
0.5 


3 
8. 

3. 
2. 


1.5 
2.3 
1.7 


00 
0.5 
0.4 

1.8 
8.8 


.3 
.7 

.3 
,8 


0.8 


Residue  on  Evaporation 


Total 


o 


> 
o 

CA 


•a 

a; 

s 
a 

n 

cn 


Volatile 


♦J 
o 


•a 
> 
o 

v: 

CA 


840 
940 
865 
8U8 
73S 
716 
830 
756 
803 


2.7  812 


826 
923 
849 
792 
732 
677 
8>6 
749 
79»j 

7% 


14 

17 
16 
16 

6 
39 
25 

7 
13 


95 
77 
79 
62 
80 
73 
75 
57 
87 


16  75 


87 
70 
73 
55 
79 
60 
65 
56 
81 

68 


•d 

B 

t 

n 
0} 


Fixed 


o 


8 
7 
6 
7 
1 

13 

10 

I 

6 


745 
8(.3 
7«6 
746 
658 
643 
755 
6')') 
716 

734 


•d 

4) 

> 

r-l 

o 

Cfl 

CO 


•d 

c 

CA 

a 


739 
853 
77b 
737 
653 
617 
740 
693 
709 


Q 
> 

o 

C0 

en 


H 
O 

o 


6 

10 

10 

9 

5 

26 

15 

6 

7 


0.0 
0.9 
0.1 
4.8 
2.4 
2.9 
1.0 
0.3 
0.0 


724  10 


H 

M 
M 

OQ 

H 

H 
H 


4- 

? 

0 

0 

0 

0 

0 

0 

? 


0.2  0 


1 
1 

0,0 

835 

810 

19 

86 

82 

4 

749 

734|  15 

0  3 

930 

916 

14 

76 

70 

6 

854 

846|  8 

0.2 

? 

8(>2 

83S 

24 

65 

59 

6 

797 

779'  18 

0.1 

0 

820 

814 

6 

64 

62 

2 

756 

752;  4 

4.1 

0 

811 

790 

21 

83 

09 

14 

728 

721 

7 

2  2 

0 

7b8 

753 

15 

73 

03 

10 

695 

6'H) 

5 

1.8 

0 

720 

16 

59 

54 

5 

677 

606 

11 

1.5 

0 

756 

719 

37 

72 

68 

4 

6S4 

651 

33 

0.7 

9 

• 

729 

6'>3  36 

86 

74 

12 

643 

619 

24 

0.4 

? 

8C6 

785 

21 

74 

67 

7 

729 

715 

14 

1.4 

0 

0 
p 

^* 

9  « 

< 


3,300,000 

850,000 
300,000 
600,000 
410,000 
480,000 
950,000 
440,000 
1,300,000 

1,000,000 


3.800,000 

1,100,000 

1,400,000 

800,000 

550,000 

370.000 

750,  ('CO 

4.300.000 

4.900,000 

2,000,000 


240  REPORT  ON  SEWAGE   PURIFICATION 

Degree  of  Purification,  In  the  next  two  tables  there  are- 
presented  data  to  show  the  average  percentage  removals  effected 
by  the  contact  filters  of  the  several  constituents  of  the  applied 
sewage,  and  in  the  third  table  are  shown  the  average  percentage 
removals  by  the  contact  filters  referred  to  the  raw  (screened) 
sewage.  In  regard  to  these  results  it  is  to  be  borne  in 
mind  that  the  sewage  applied  to  the  coke  filters,  C  and  D,  re- 
ceived a  much  more  thorough  preparatory  treatment  than  did 
that  applied  to  the  broken  stone  filters,  A,  B  and  E.  The  higher 
percentages  of  removal  of  the  several  constituents  effected  by 
the  last-named  filters  are  naturally  to  be  expected,  although 
from  a  standpoint  of  the  residual  quantities  of  the  several  con- 
stituents contained  in  the  effluents  all  five  of  the  primary  filters 
were  substantially  equal. 


/ 
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Percentage  Removal  by  Contact  Filters  of  the  Several 
Constituents  of  the  Applied  Sewage. 


Month  1904-5 


Primary  Contact  Filter  A 

August 

September . 

October 

November 

December 

January 

February 

March 

April 

May 

June 

Average 

Primary  Contact  Filter  B 

August 

September 

October 

November 

December 

January 

February 

March 

April 

May 

June 

Average 

Primary  Contact  Filter  C 

August 

September 

October 

November 

December 

January 

February  

March 

April 

May 

June 

Average 


1 

'^  ^ 

Daily 

NhT 

Rate 

^2 

0 

o  < 

< 

OF 

sx 

« 

Treat- 
ment 

So 

> 

< 

0> 

o 

u 

^ 

00 

c 

3  hf> 

0 

n  « 

n 

2  C 

PH 

^W 

a»'^ 

0    cj 

y.  ft^ 

^►J 

tx- 

ti< 

j^ 

-,  ^ 

2fa 

•Ss 

>  0 

.-Ol 

0  S 

oco 

< 

2 

B 

B 

2.7 

2.07 

28 

7 

2.8 

1% 

16 

4 

16 

1.05 

16 

4 

0.7 

0.46 

12 

3 

1.0 

0.63 

20 

5 

0.8 

0.50 

16 

4 

1.4 

0.83 

12 

3 

2.0 

1.21 

16 

4 

1.3 

0.87 

4 

1 

1.6 

0.72 

12 

3 

1.5 

0  64 

12 

3 

1.4 

0.95 

164 

41 

2.7 

2.24 

24 

6 

2.8 

2.11 

20 

5 

1.6 

1.13 

16 

4 

0.7 

0.48 

12 

3 

1.0  0.69 

20 

5 

1.5 

1.00 

16 

4 

2.4 

1.57 

12 

3 

3.0 

1.98 

16 

4 

0.9 

0  62 

8 

2 

3.0 

0.66 

16 

4 

2.8 

0.61 

16 

4 

3.0 

1.15 

176 

44 

2.6 

2.28 

4 

1 

2.6 

2.28 

12 

3 

1.9 

1.61 

16 

4 

0.8 

0.B4 

12 

3 

0.8 

0.64 

16 

4 

0.7 

0.59 

16 

4 

0.7 

0.55 

4 

1 

2.0 

1.49 

16 

4 

1.9 

1.50 

12 

3 

1.5 

1.19 

16 

4 

1.5 

1.23 

16 

4 

1.5 

1.22 

140 

35 

Q 
H 

P 

Oi 

Z 
O 

u 

2 

a 
X 

o 


36 
56 
54 
61 
43 
46 
40 
52 
48 
57 
43 

48 

44 

40 
57 
61 
38 
43 
50 
54 
57 
57 
55 

52 


0 
41 
45 
57 
44 
48 
30 
40 
55 
44 
50 

47 


Percentage 
Removed 


Nitro- 
gen AS 


c 
a 
bo 

u 
O 


41 
56 
63 
36 
30 
41 
60 
60 
65 
75 
28 

49 

42 
48 
62 
35 
12 
37 
52 
51 
73 
58 
-16 

40 

15 
33 
5 
38 
26 
33 
11 
30 
54 
32 
30 

31 


c 

«  2 

fa  = 
< 


7 

12 

9 

8 

16 

33 

36 

22 

17 

21 

-51 

10 

13 

0 

12 

17 

1 

3 

30 

22 

33 

25 

-18 

11 

-11 
7 

15 
31 
-2 
14 
17 
15 
11 
25 
23 

12 


Suspended 
Matter 


o 


83 
76 
31 
63 
36 
67 
85 
36 
91 
67 

73 


90 
83 
70 
51 
70 
82 
71 
62 
85 
80 

80 


77 
73 
88 
92 
42 
50 
52 
69 
73 
70 

70 


> 


90 
76 

-38 
71 
60 
64 
84 
25 
74 
81 

70 


82 

80 

60 

54. 

78 

83 

65 

11 

50 

86 

77 


99 
63 
84 
91 
60 
57 
43 
64 
67 
59 

70 


73 
77 
79 
59 
-14 
69 
86 
43 
93 
51 

76 


95 

86 
77 
50 
50 
82 
75 
85 
90 
74 

83 


72 
80 
92 
93 
S 

47 
58 
71 
75 
72 

70 


as 
(4 
H 

a 
< 

n 


-118 
-22 
13 
51 
56 
61 
36 
38 
90 
-242 
43 

60 

43 
14 
-4 
47 
SO 
54 
57 
43 
72 
65 
63 

43 


33 

47 
29 
8 
18 
30 
29 
22 
47 
33 

33 
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Percentage  Removal  by  Contact  Filters  of  the  Several 
Constituents  of  the  Applied  Sewage, 


Month  1904-5 


Primary  Contact  Filter  D 

August 

September 

October 

November 

December.. 

January 

February 

March 

April 

May 

June 


Average 

Primary  Contact  Filter  £ 

April 

May 

June 


Average 

Secondary  Qontact  Filter  A 

September 

October 

November 

December 

January 

February 

March 

May 

June 

Average 

Secondary  Contact  Filter  B' 

August 

September 

October    

November 

December 

January 

February  

March 

May 

June 

Average 


Daily 

Nkt 
Rate 

OF 

Treat- 
ment 


^  n 

>  o 
< 


2.4 
2.6 
1.8 
0.7 
1.4 
1.5 
1.1 
3.0 
1.9 
1  5 
1.5 

1.7 

1.9 
1.4 

1.1 

1.5 


2.8 
1.6 
0.7 
1.0 
0.8 
1.4 
2.0 
3.0 
2.8 

1.6 

2.5 
2.8 
1.6 
0.7 
1.0 
1.5 
2.4 
3.0 
1.5 
1.6 

1.7 


09 

C 

o 

^    U 


< 


05  ft< 

o  < 

X 


O 

o 


2.31 
2  18 
1.53 
0.60 
1.14 
1.10 
0.82 
2.38 
1  39 
1.15 
1.19 

1.41 


< 

Ed 

*^ 

n  H 

ZS 

% 

<  O 


8 
12 
16 
12 
16 
16 

4 
16 
12 
16 
16 

144 


1  24  12 
0.84'  12 
0  69     4 


0.95 

2.34 
1.36 
0.55 
0.82 
0.63 
1.06 
1.58 
1  98 
1.83 

1.23 

2.19 
2.42 
1.43 
0.62 
0  83 
1.27 
1.92 
2.41 
1.26 
1.22 

1.39 


28 

20 
16 
12 
20 
16 
12 
16 
16 
16 

144 

12 
20 
16 
12 
20 
16 
12 
16 
16 
16 

156 


H 
C 
< 

K 

H 
> 
< 

O 

as 
(d 

n 

ox 


2 
3 
4 
3 
4 
4 
1 
4 
3 
4 
4 

36 


3 
3 
1 


5 
4 
3 
5 
4 
3 
4 
4 
4 

36 

3 
5 
4 
3 
5 
4 
3 
4 
4 
4 

39 


Q 

D 

2 
O 
U 

z 
u 
c 
> 

o 


18 
35 
40 
55 
44 
53 
19 
40 
64 
53 
52 

46 

24 
54 

27 

43 


4 
33 
33 
23 
17 

7 
25 
25 
29 

24 


5 
13 
26 
14 
38 
24 
15 
25 
37 
58 

26 


Pehcentage 
Removed 


Nitro- 
gen as 


c 
a 

be 

u 

O 


12 
33 
7 
34 
32 
65 
-9 
32 
72 
32 
29 

37 

21 
67 
49 

57 


-3 
40 
35 
13 
27 
-16 
41 
48 
70 

37 


9 
3 
47 
25 
30 
41 
30 
36 
24 
37 

28 


c 


18 

17 

15 

3 

7 

10 

4 

18 

32 

30 

31 

19 

4 
15 

21 

10 

-2 
30 
20 

38 
24 
21 
12 
27 
21 

20 

7 
8 
22 
17 
31 
25 
5 
14 
19 
19 

17 


Suspended 
Matter 


o 


-300 
76 
73 
88 
90 
51 
33 
37 
69 
77 
60 

67 


ti 

o 

> 


90 

77 
83 
88 
70 
20 
11 
81 
57 
0 

61 


47  36 
58  20 

22 


36 
49 

7 
39 
45 
24 
70 

3 
31 
67 
58 

58 


25 

11 
53 
63 

-17 
91 

-30 

0 

89 

40 

30 


-27 
50 
17 
71 
-5 
46 
72 
54 
50 

42 


56 
60 
63 
67 
-40 
-25 
81 
81 
14 

46 


ti 
u 

c 


73 
69 
94 
92 
-8 
38 
66 
64 
83 
74 

72 


50 

64 
60 

56 


-83 
23 
23 
40 
44 
13 
42 
50 
67 

37 


-116 

38 
-38 
73 
30 
75 
64 
45 
59 

39 


h 
o 

< 


42 
12 

-17 
50 

-13 
15 
41 
39 
48 
30 

33 

-18 

6 

33 


45 
66 
48 
25 
32 
-2 
21 
37 
13 

37 


37 
56 
44 
0 
8 
21 
38 
28 
30 

39 
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Percentage  of  Removal  Rejerred  to  Crude  Sewage, 
Combined  Efficiency  of  the  Preparatory  Processes 

and  the  Contact  Filters. 
{Average  Results.) 


NlTKO- 

Suspended 

Period  1904-5 

®  > 
I'- 

41 

1 

z 
o 
y 

59 

GEN 

AS 

Matter 

Contact 
Filter 

O 

c 
bo 

p 

64 

4)  0 

24 

75 

*^ 
o 

86 

V 

o 
> 

83 

a 

u 

c 
87 

< 

M 

n 

H 
U 

Primary      A . . 

Aug.  14  to  June  27 

67 

Primary      B.. 

Aug.  14  to  June  27 

45 

62 

59 

27 

88 

86 

90 

53 

Primary      C 

Aug.  18  to  June  27 

35 

57 

64 

6 

86 

84 

87 

45 

Primary      D.  . 

Aug.  18  to  June  27 

36 

61 

66 

17 

85 

80 

88 

45 

Primary      E . . 

Apr.     1  to  June  19 

7 

71 

73 

27 

90 

87 

91 

32 

Secondary  A . . 

Sept.    1  to  June  27 

36 

69 

72 

39 

92 

91 

92 

68 

Secondary  B. . 

Aug.  18  to  June  27 

39 

61 

71 

37 

90 

91 

9Q. 

45 

Ptitrescibility  of  Effluents.  While  there  were  times 
when  the  primary  contact  filters  yielded  effluents  which 
successfully  passed  the  incubator  test,  the  effluents  of  these  filters 
were  clearly  putrescible  for  about  one-third  the  period  of  their 
operation.  Much  of  the  time  the  effluents  were  devoid  of  con- 
siderable amounts  of  ntirified  nitrogen,  and  at  such  times  either 
barely  passed  the  test  for  stability  or  were  distinctly  putrescible. 
On  the  average  Primary  Contact  Filters  A,  B  and  E  yielded 
effluents  which  were  on  the  border  line  between  putrescible  and 
non-putrescible.  Primary  Contact  Filters  C  and  D,  equal  if  not 
superior  in  all  other  respects  to  the  other  primary  filters,  normal- 
ly yielded  effluents  which  were  practically  free  from  nitrates  and 
on  the  average  were  putrescible.  The  effluents  of  the  secondary 
filters  were  normally  non-putrescible.  These  filters  were  oper- 
ated at  lower  rates  and  gave  better  results  toward  the  end  of  the 
tests.  The  rates  were  not  reduced  sooner  because  it  was  decided 
to  learn  especially  the  efficiency  of  contact  filters  at  rates  ap- 
proaching those  used  successfully  with  the  sprinkling  filters. 

A  table  of  average  results  by  months  of  tests  of  the  putresci- 
bility  of  contact  filter  effluents  is  presented  below  in  which  the 
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numbers  under  columns  headed  "-|-,  1  and  0"  refer  to  the  num- 
ber of  putreseible,  questionably  putrescible  and  non-putrescible 
samples,  respectively. 

Summary  of  Putreseibility  Tests  of  Effluents. 


Dissolved  Oxygen  in  Effluents.  During  the  winter  months 
the  effluents  of  the  contact  filters  contained  considerable  dis- 
solved oxygen,  but  in  the  warmer  months  of  the  year  it  was 
absent  at  practically  all  times,  as  illustrated  by  the  representa- 
tive average  results  in  the  following  table: 


Mu^ 
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Dissolved  Oxygen  in  Effluents. 

(Parts  per  Million) 


Month 
1904-5 


August . . . , 
September, 

October 

November 
December. , 
January . . . 
February . , 

March 

April  ...    . 

May  ...... 

June 


Averag-e. 


Primary  Contact  Filters 


A. 


0.0 
0.0 

0.0 
0.1 
0.7 
1.5 
0.1 
0.0 
0.2 
0  0 


0.3 


B. 


0.0 
0.0 

0:0 

0.0 
0.3 
0.2 
0.2 
0.2 
0.1 
0.1 
0.0 


0.1 


o. 


0.0 
0.0 
0.0 
0.3 
4.0 
0.1 
1.5 
0  9 
0  7 
0.1 
0.1 


0.8 


D. 


0.0 
0.1 
0.0 
5.2 
0.9 
2.1 
0.6 
0.3 
0.5 
0.0 


0.9 


E. 


0 
0 
0 


1 
3 
0 


0.1 


Secondary 
Contact 
Filters 


A. 


0.0 
0.9 
0.1 
4.8 
2.4 
2.9 
1.0 

■   •   •  • 

0.3 
0.0 


0.2 


B. 


0.0 
0.3 
0.2 
0.1 
4.1 
2.2 
1.8 
1.5 

»   •  •   • 

0.7 
0.4 


1.4 


Odor,  During  the  tests  no  offensive  odor  was  perceptible 
around  the  contact  filters,  neither  when  they  were  in  active 
operation  nor  when  resting.  On  removing  the  filtering  material 
the  odor  which  arose  was  similar  to  that  which  is  characteristic 
of  garden  soil. 

Bacterial  Efficiency,  The  removals  of  bacteria  effected  by 
the  contact  filters  were  as  follows : 
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Bacterial  Efficiency  of  Contact  Filters, 


Contact 
Filter 


Primary  A.. 
Primary  B . . 
Primary  C. 
Primary  D. . 
Primary  E.. 
Secondary  A. . 
Secondary  B. . 


Number 

OP  Dupli- 
cate 
Samples 

AVERAG&D 


41 

45 
35 
36 
7 
36 
39 


Raw 

Sewage 


3,600,000 
3,800,000 
3,800,000 
3,800,000 
2,800,000 
3,100,000 
3,800,000 


Bacteria  Per  Cubic 
Centimeter 


Influent 


3,000,000 
3,000,000 
3,000,000 
3,000,000 
1,900,000 
1,600,000 
3,300,000 


Efflnent 


1,200,000 
1,700,000 
2,000,000 
2,000,000 
1,900,000 
1,000,000 
2,000,000 


Per  Cent. 
Removed 


By 

Filters 


60 
43 
33 
33 
0 
38 
39 


(4 

♦J 
O 


67 
53 
45 
45 

32 
68 
45 


Note:     Bacterial  growths  within  the  filters  doubtless  account  for  the  irreg'ular 
removals  above  noted. 


Removal  of  B.  Coli  Communis.  The  few  local  data  avail- 
able upon  this  point  show  that  under  normal  conditions  colon 
bacilli  are  removed  by  contact  filters  substantially  in  proportion 
to  the  removal  (tf  total  bacteria. 


NITRIFICATION. 

In  general  terms,  nitrification  in  the  contact  filters  varied 
with  the  temperature  and  the  rate  of  treatment.  On  account 
of  the  high  rates  employed  during  the  early  stages  of  the  tests 
the  contact  filters  showed  little  sign  of  nitrification  for  over 
six  weeks.  In  fact,  nitrification  was  always  quite  low  and  may 
be  said  to  have  reached  maturity  so  far  as  local  conditions  were 
concerned,*  in  from  six  to  eight  jiveeks  after  the  start  in  August. 

Although  the  efficiency  of  the  filters  fluctuated  considerably 
during  the  ten  months  of  their  operation  it  may  be  stated  in 
general  terms  that  their  efficiency  was  fully  up  to  the  average 
toward  the  end  of  the  period  of  their  operation.  While  they 
quite  generally  showed  improvement  as  the  spring  and  summer 
months  of  1905  approached,  it  is  noticeable  that  the  general 
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efficiency  was  relatively  high  during  the  periods  of  coldest 
weather.  In  this  connection  it  is  to  be  remembered  that  Pri- 
mary Contact  Filters  A  and  B  were  housed,  and,  therefore,  pro- 
tected from  freezing.  Primary  Contact  Filters  C  and  D,  how- 
ever, were  located  in  the  open,  and  during  the  winter  period  a 
thin  film  of  ice  formed  and  remained  on  the  surface  of  the 
material;  in  no  instance,  however,  covering  the  entire  surface. 
In  the  following  tables  there  are  presented  certain  data, 
summarized  by  periods  corresponding  with  different  operating 
procedures  as  to  rates  and  periods  of  filling,  draining,  etc.  (see 
Appendix  VII.).  They  show  the  per  cent,  of  applied  nitrogen  to 
which  these  filters  were  able  to  convert  to  nitrates.  These  results 
show  clearly  that  nitrification  varied  as  the  rate  of  treatment  and 
other  factors.  The  average  percentages  of  the  applied  nitrogen 
which  appeared  in  the  nitrified  form  in  the  effluents  of  the 
primary  filters  varied  from  4.0  to  10.9  per  cent.;  and  in  the 
effluents  of  the  secondary  filters  from  17.2  to  20.7  per  cent.  These 
figures  are  far  lower  than  the  corresponding  ones  given  in 
Chapter  IV.  for  sand  filters  (about  50  per  cent.). 
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Nitrification  Results  Summarized  by  Periods, 


316 


Net  Yield 

OF  THE  Filter 

IN  Million 

Gallons 

PBK  Acre 

Parts  per 
Million 

g  CO 

Pbkiod 
Datb 

Ending  1904-5 

1 

Total 
Nitrogen 

in 
Influent 

Nitrified 
Nitrogen 

in 
Effluent 

...  H  ^ 

Daily 

Aver- 

aij-e 

Total 

for 

Period 

gOti.H 

Primary  Contact  Filter  A. 

No.  1... October  5 

2... October  30  ... 
3..  .November  30. 
4...  February  18.. 

5...  April  26 

6. . .  May  1 

7..  .June  27 

Totals:  and  Averages.. 

1.80 
1.27 
0.46 
0.57 
1.10 
0.75 
0.68 

0.95 

95.3 
31.9 
14.4 
45.5 
72.6 
4.0 
38.7 

302.4 

18.6 
24.6 
23.2 

9.0 
21.0 

4.6 
16.0 

16.6 

0.1 
1.0 
0.3 
5.8 
0.3 
4.1 
3.5 

1.8 

0.5 

4.1 

1.3 

64.5 

1.4 

89.2 

21.9 

10.9 

Primary  Contact  Filter  B. 

No.  1... October  5 

2. . .  October  30 

3.,.  November  16. 
4...  January  12... 
5..  .February  18.. 

6..  .March  31 

7... April  23 

8... May  1 

9..  June  27 

Totals  and  Averages.. 

1.90 
1  37 
0.67 
0.57 
0.90 
2.28 
0.42 
1.56 
0.63 

1.15 

102  8 
34.3 
10.0 
27.9 
42.3 
93.4 
10.1 
9.4 
36.1 

366.3 

16.8 
24.6 
25.5 
12.2 
12.9 
17.6 
11.2 
4.6 
13.7 

16.1 

0.1 
1.0 
0  2 
5.1 
3.2 
0.9 
0.4 
5.0 
1.4 

1.5 

0.6 

4.1 

0.8 

42.6 

24.8 

5.1 

3.6 

108.8 

10.2 

9.3 

Primary  Contact  Filter  C, 

No.  1. ..  September  30 
2... October  30... . 
3. . .  November  20. 
4...  February  18.. 

5... April  26 

6... May  2 

7... June  27 

Totals  and  Averages.. 

2.26 
1.64 
0.84 
0.44 
1.54 
1.02 
1.25 

1.22 

99.6 
49.1 
17.6 
40.4 
101.7 
7.1 
67.4 

382.9 

16.2 
20.3 
23.8 
20.0 
16.3 
9.9 
12.5 

17.4 

0.2 
0.2 
0.1 
l.l 
0.7 
2.7 
1.0 

0.7 

1.2 
1.0 
0.4 
5.5 
4.3 
27.3 
8.0 

4.0 
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Nitrification  Results  Summarized  by  Periods. 


Q  H  H 

Net  Yield 

Parts  Per 

U  2  2 

OF   THE 

Filter 

Million 

ta  &  O 

IN  Million 
Gallons 

2^  ^^ 

Period 

f4 

X      ■_!      (H 

Date 

PER    i 

\CKE 

Total 

Nitrified 

►*"    W    r; 

u  r  0 
5z^ 

Ending  1904  5 

• 

Nitrogen 

Nitrogen 

►^MM 

.ZSJ 

Daily 

Total 

IN 

IN 

OJ     ^    ^K    ^ 

Aver- 

for 

Influent 

Effluent 

w  w  o  T 
W  06  ^  J 

- 

agre 

Period 

Primary  Contact  Fitter  D, 

No.  1 . . .  September  30 

2.22 

96.9 

16.2 

0.1 

0  6 

2.  ..October  30. . . 

1.06 

46.6 

20.3 

0.2 

1.0 

3..  .November  20. 

0.82 

17.2 

20.6 

0.2 

1.0 

4. .  .December  7. . 

.    0.18 

3.2 

16  6 

2.5 

15.1 

5 . . .  December  23 . 

0.17 

27.2 

19.7 

2.2 

11  2 

6. .   January  1... . 

0.80 

7.2 

9.7 

1.6 

16.5 

7. .  .February  18  . 

0.77 

37.0 

22.9 

1.5 

6.6 

8. .  .March  31 

2.34 

95.9 

13.8 

0.9 

6.5 

9. ..April  4 

1.22 

3.7 

•  •   •   • 

•   •   • 

•   •   • 

10...  April  26 

1.46 

32.2 

15.6 

2.6 

16.7 

11...  May  2 '. , . 

1.17 

8.2 

9.9 

3.3 

33.3 

12... June  27 

1.19 

64.4 

12  5 

0.5 

4.0 

Totals  and  Averages.. 

1.40 

439.7 

16.9 

1.0 

5.9 

Primary  Contact  Filter  £.  * 

No.  1.  ..May  1 

1.240 

37 . 104 

8.9 

1.6 

18  0 

2...  July  19 

0.777 

38.096 

14.0 

0.2 

1.4 

Totals  and  Averages.,. 

0.953 

75.200 

11.0 

0.8 

7.3 

Notes:  Contact  Filters  A  and  B;  effluent  of  Grit  Chamber  wa-s  applied  throuffh- 
out  the  tests.  Contact  Filter  C;  effluent  of  Coke  Strainer  A  was  applied  darinir  periods 
Nos.  1  to  4.  inclusive;  septic  sewag'e  applied  thereafter.  Contact  Filter  D;  effluent  of 
Colce  Strainer  applied  during  periods  Nos.  1  to 7,  inclusive;  Septic  sewag'e  applied  there- 
after.    Influent  aerated  during*  period  No.  10. 

*  Tliis  filter  was  originally  Sprinkling  Filter  A  which  was  discontinued  as  such 
on  April  1, 1905,  and  operated  thereafter  as  a  Contact  Filter,  receiving  the  effluent  of 
the  Grit  Chamber. 
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Nitrification  Results  Summarized  by  Periods. 


Pbriod 
Date 

Ending  1904-5 


Secondary  Contact  Filter  A 

No.  1..  .October  5  . 
2... October  30 
3..  .November  30 
4..  .February  18 
5..  .April  25.  .  . 

6..  .May  1 

7..  .June  27  . . . 


Totals  and  Averages 


Secondary  Contact  Filter  B. 


No.  1. . .  October  5. . . . 
2..  .October  30... 
.November  20 
.December  30. 
.February  18. 

.April  25 

.June  27 


3. 
4. 
5. 
6. 
7. 


Totals  and  Averag-es. 


Net  Yield 

OF  THE  Filter 

IN  Million 

Gallons 

PER  Acre 


•Daily 

Aver- 

agre 


2.00 
1.65 
0.74 
0.67 
1.00 
0.88 
1.93 

1.23 


2.04 
1  74 
0.85 
0.67 
1.37 
1.53 
1.22 

1.39 


Total 

for 
Period 


69.4 
41  4 
15.6 
60.2 
64.7 
6.2 
109.5 

367  0 


102  5 
43.4 
17.9 
27.5 
67.4 
99.3 
75.8 

433  8 


Parts  per 

Million 

Total 

Nitrified 

Nitrogen 

Nitrogen 

IN 

IN 

Influent 

Effluent 

14.3 

0.2 

16.8 

2.5 

17.8 

3.2 

11.6 

5.8 

14  9 

1.6 

8.0 

5.7 

6.5 

1.5 

14.5 

3.0 

13.7 

0.4 

16.9 

1.7 

17.8 

1.9 

16.9 

9.1 

12.3 

3.3 

12.1 

1.4 

12.1 

0.9 

14  5 

2.5 

fi  H  ^ 

•  z  W 

(.  «i  (L 


1.4 
14.9 
18.0 
50.0 
10.7 
71.3 
23.1 

20.7 


2.9 
10.1 
10.7 
53.8 
26.8 
11.6 

7.4 

17.2 


DENITRIFICATION. 


Although  the  treatment  of  sewage  in  contact  filters  is 
normally  associated  to  a  certain  degree  with  the  denitrifying 
functions  of  bacterial  life,  under  some  conditions  involving  the 
absence  of  oxygen  and  the  presence  of  much  organic  matter  an 
excessive  denitrifying  development  tends  to  distort  to  a  material 
degree  the  normal  action  of  filters  of  this  type. 

As  already  mentioned,  nitrification  taking  place  in  the  con- 
tact filters  at  this  station  was  less  marked  than  has  been  noted 
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in  some  other  places.  During  the  month  of  May,  1905,  in  an 
attempt  to  throw  more  light  upon  this  feature  bacterial  studies 
were  directed  toward  the  relative  numbers  of  denitrifying 
species  contained  in  the  effluents  of  the  several  contact  filters. 
The  studies  referred  to  were  conducted  along  lines  similar  to 
those  studied  at  Lawrence  and  described  by  Messrs.  Clark  and 
Gage  in  Engineering  News,  January  12,  1905. 

Platings  were  made  in  the  usual  manner  of  the  effluents  of 
the  several  filters,  and  after  incubation  for  48  hours  at  20 
degrees  C,  the  numbers  of  colonies  were  counted,  after  which 
10  representative  colonies  were  isolated  from  each  plate  in  the 
usual  manner  and  subjected  to  the  following  procedure : 

Procedure  for  Denitrification  Studies. 
1.     Preliminary  cultivation  upon: 


« 

(a)  Slant  agar. 

(b)  Broth. 

(c)  Culture  plate. 

(d)  Slant  agar. 


•  2.     Subculture  for  specie  determination  and  fish  to 

(a)  Plain  peptone  (1.0  gram  per  liter). 

(b)  Peptone  nitrate    (1.0  gram  peptone  and  0.1 

gram  potassium  nitrate,  respectively).. 

e3.     Incubate  at  80  degrees  F. 

4.     Test  for  nitrogen  as 

(a)  Free  ammonia. 

(b)  Nitrates  and 

(c)  Nitrites  at  end  of  2,  7  and  14  days  and  total 

organic  nitrogen  initially  and  on  14th  day. 

The  plain  peptone  solution  cultures  were  carried  as  controls 
upon  the  ammoniafication  effect  from  the  peptone  alone. 

The  results  of  these  studies  showed  that  the  greater  part  of 
the  organisms  thus  isolated  from  contact  filter  effluents  were 
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able  to  reduce  nitrates  in  a  comparatively  short  time,  some  carry- 
ing the  reduction  to  the  nitrite  stages,  others  to  ammonia  and 
some  to  free  nitrogen.  The  presence  of  such  large  numbers  of 
actively  reducing  bacteria  in  the  contact  filters  at  this  station 
appeared  to  be  intimately  associated  with  the  somewhat  low 
quantities  of  nitrates  normally  present  in  the  eflBuents  of  these 
filters  during  the  tests.  How  far  these  denitrifying  organisms 
were  the  cause  and  how  far  they  were  the  effect  of  these  con- 
ditions is  not  entirely  clear. 

The  records  of  these  studies  of  the  contact  filters  when  in 
about  normal  condition  as  to  the  rate  and  manner  of  reduction  of 
the  nitrates  are  as  follows: 
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Results  of  Denitrification  Studies. 


Period 
OF  Incu 

BATION  AT 

27Deg.C 
(Days) 


Parts  per  Million— NITROGEN  AS 


Organic 
Nitrogen 


Ni- 
trates 


Nitrates. 
Total  Re- 
duction IN 


Nitrites 

Total 

Derived 

FROM 

Nitrates 


Ammonia 


Derived 

from 
Nitrate 


Derived 

from 
Peptone 


Nitrate 
Reduction 
Unac- 
counted 

FOR 


Free 
Nitrogen  (?) 


Primary  Contact  Filter  A. 


1 

180 

40.0 

16.0 

15.2 

2 

•   •   • 

•  •   *  • 

17.0 

12.0 

4 

•  •   • 

•   •  •   • 

20.0 

11.0 

5    ■ 

•   ■    ■ 

•        ■       a        ■ 

27.6 

8.1 

14 

130 

0.3 

39.7 

31.7 

Primary  Contact  Filter  C. 


1 

2 

4 

5 

14 


180 


40.0 


24.5 
0.0 


1.3 

0.5 

0.4 

1  4 

0.4 

9.6 

6.6 

2.0 

4.8 

1.0 

10.8 

2.2 

4.6 

15.6 

4.0 

15.1 

2.7 

3.4 

18.0 

9.0 

40.0 

22.7 

14.5 

•      •      •      a 

•  •   • 

Primary  Contact  Filter  D. 


1 
2 
4 
5 
14 


180 


40.0 


3.4 


11.2 
16.0 
18  0 
25.6 
36.6 


10.0 
14.6 
12.2 
17.2 
26.0 


1.0 
1.0 
2.4 
7.4 
17  2 


Primary  Contact  Filter  £.   (//.) 


1 

2 
3 
5 
7 
14 


Nymher  of  Cy/tyr^s  Examined. 

Contact  Filter  A 5 

**  "        C 5 

"  *'       P 5 

Ed) 5 

"  "        E(II) 15 


45.0 

4.3 

4.2 

0.0 

•   •    •   • 

15.5 

13.7 

1.3 

•  •   •  • 

25.7 

16.3 

1.6 

•    ■    •   • 

30.0 

35.0 

0.0 

•  •   »  • 

31.4 

17.9 

4.4 

8.0 

36.6 

7.4 

4.0 

3.6 

0.2 

6.4 

0.4 

10.6 

3.4 

11.4 

1.0 

31.2 

? 

• 

Primary  Contact  Filter  E. 

(/.) 

1 

180 

40.0 

11.4 

9.2 

0.4 

2.4 

1.8 

2 

•   ■    • 

•    •    •    ■ 

19.8 

14.3 

2.6 

6.2 

2.9 

4 

•   •  • 

21.0 

27.0 

18.4 

3.2 

14.0 

5.4 

5 

■   •   • 

•  •  •  t 

30.8 

21.3 

5.5 

16.3 

4.0 

14 

130 

4.0 

34.3 

22.0 

7.5 

34.3 

4.8 

0.6 

01 

4.6 

0.5 

8.4 

7.8 

22.0 

5.0 

19.4 

9  1 

38.4 

25.2 

Date  of  Examination^ 

. . .  May  7.  1905 
. . .      "       7,  1905 

. . .  "  7,  1905 
. . .  "  21,  1905 
. . .   "  28,  1905 
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APPLICATION  OF  SODIUM  NITRATE. 

• 

For  the  purpose  of  learning  if  by  adding  sodium  nitrate  to 
the  contact  filters  the  nitrification  therein  could  be  stimulated  by 
oxygen  so  supplied,  Primary  Contact  Filters  C  and  D  and 
Secondary  Contact  Filter  B  were  thus  treated  on  June  20,  1905. 
The  chemical  solution  was  added  to  the  sewage  as  the  filters  were 
filled  so  as  to  give  from  20  to  30  parts  of  nitrogen  as  nitrates. 
The  filters  were  all  filled  at  the  same  time,  following  which  they 
were  allowed  to  stand  full  for  8  hours. 

Average  samples  were  collected  of  the  applied  sewage  at 
time  of  filling  and  of  the  contents  of  the  several  filters  from 
different  depths  at  hourly  intervals  during  the  standing-full 
period.  There  was  a  very  marked  reduction  of  the  applied 
nitrate  nitrogen  within  the  first  one  or  two  hours,  accompanied 
by  a  considerable  decrease  in  the  oxygen  consumed.  All  of  the 
samples  showed  a  complete  absence  of  dissolved  oxygen. 

Another  point  worthy  of  special  comment  is  the  fact  that 
the  average  nitrate  content  of  the  effluent  when  discharged  was 
noticeably  higher  than  that  found  at  mid-depth  in  the  filter. 
-This  suggests  that  in  the  upper  strata  of  filtering  material  in 
contact  filters  denitrifying  bacteria  do  not  thrive  as  vigorously  in 
the  deeper  layers  owing  to  the  greater  aeration  afforded  the  upper 
strata. 

The  analyses  of  subsequent  discharges  of  the  filters  when 
operated  under  the  normal  schedule  of  one  filling  per  day  showed 
that  they  had  returned  to  their  former  condition.  In  other 
words,  no  lasting  benefit  was  effected  by  the  application  of 
sodium  nitrate  under  the  existing  conditions. 

Representative  analytical  results  are  presented  in  the  fol- 
lowing tables  to  show  the  composition  of  the  applied  sewage 
containing  nitrate  and  also  of  the  contents  of  the  filter  at  mid- 
depth  after  the  treated  sewage  had  remained  within  the  pores  of 
the  material  for  different  lengths  of  time : 
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Results  of  Analyses  of  Sewage  Containing  Sodium  Nitrate 

After  Different  Periods  of  Contact  in 

Primary  Filter  D. 


Parts  per  Million 

Hours 

Bacteria 

Stand- 

Oxygen 
Con- 

Nitrogen as 

PER 

ing 

Free 

Cubic 

FULI. 

sumed 

Organic 

Am- 
monia 

Nitrites 

Nitrates 

Centimeter 

Influent 

28 

4.3 

8.5 

.00 

32.7 

5,500,000 

0 

22 

3  6 

8.4 

.34 

20.1 

4,300,000 

1 

19 

3.2 

4.4 

1.80 

11.0 

5,500,000 

2 

16 

3.4 

5.0 

1.90 

4  1 

3,500,000 

3 

14 

2  8 

5.2 

.40 

5.0 

2,700,000 

4 

13 

2.6 

5.0 

.24 

4.6 

2.500,000 

5 

12 

2.8 

4.8 

.11 

5.2 

3, 100,000 

6 

12 

3.0 

4.6 

.15 

5.4 

2,600,000 

7 

11 

2  8 

4  8 

.16 

4.9 

3,000,000 

8 

12 

2.2 

5.8 

.18 

4.1 

2,700,000 

Average 

of  Dis- 

12 

3.6 

5.2 

.75 

9.0 

3,900,000 

charg-e 

Quite  a  number  of  similar  experiments  were  made  with  sub- 
stantially the  same  result,  even  when  the  period  of  contact  was 
allowed  to  reach  a  week.  That  is,  no  permanent  improvement 
seemed  to  be  effected,  although  as  indicated  by  the  data  in  the 
next  table  it  is  interesting  to  note  the  slowness  with  which  the 
last  portions  of  the  nitrate  were  reduced  and  the  unusual  degree 
to  which  the  organic  nitrogen  and  oxygen  consumed  were  re- 
duced when  the  period  of  contact  reached  24  to  48  hours. 
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Results  of  Analyses  of  Sewage  Containing  Sodium  Nitrate 

After  Different  Periods  of  Contact  in 

Secondary  Filter  B, 


Period 

Parts  per  Milwon 

OF 

Contact 

Oxygen 

Nitrogen  as 

Con- 

(Hours) 

sumed 

Organic 

t  ree 
Ammonia 

Nitrites 

Nitrates 

Influent 

16 

3.9 

5.0 

.00 

22.1 

1 

12 

2.7 

5.6 

.10 

13.4 

24 

7 

1.3 

4.6 

.32 

6.0 

48 

6 

0.8 

6.0 

.20 

7.2 

% 

6 

0.7 

4.8 

.18 

3.2 

120 

6 

0.7 

6  0 

.14 

3.7 

144 

6 

0.9 

7.0 

.18 

2.3 

168 

6 

0.7 

7.4 

.00 

0.6 

192 

5 

0.7 

7.4 

.00 

0.0 

Speaking  generally  it  appears  that  these  contact  filters, 
while  not  seriously  clogged  from  a  physical  standpoint,  had 
stored  so  much  organic  matter  that  the  bacteria  were  oxidizing 
and  nitrifying  this  stored  matter  under  conditions  which  ought 
to  be  improved.  Especially  did  it  seem  desirable  to  reduce  the 
anaerobic  period  of  action  and  cause  the  entrance  of  more  avail- 
able oxygen  down  into  the  lower  portions  of  the  filter.  The 
entrance  of  atmospheric  oxygen  upon  draining  was  probably 
limited  so  far  as  the  films  of  stored  organic  matter  are  concerned 
because  capillarity  made  a  water  seal  and  air  seal  around  them. 
It  was  thought  that  nitrate  might  perhaps  supply  that  deficiency 
in  oxygen,  thus  establishing  more  effective  bacterial  conditions 
and  possibly  postponing  the  period  of  cleaning  the  material.  If 
there  is  anything  economical  or  practical  in  this  idea,  its  demon- 
stration will  require  longer  tests  than  were  possible  here. 


CLOGGING. 

The  question  of  clogging  in  coarse-grain  filters  is  quite 
a  different  one  from  that  in  sand  filters  as  discussed  in 
Chapter  IV.  Although  the  greater  part  of  the  suspended  matters 
contained  in  the  influent  are  removed  at  or  near  the  surface, 
some  of  them  penetrate  well  into  the  layer  of  filtering  material 
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within  the  pores  of  which  there  are  also  precipitated  to  a  certain 
extent  dissolved  matters  of  the  applied  sewage.  The  tests  at  this 
station  with  contact  filters  were,  of  course,  of  too  short  a  dura- 
tion to  allow  data  to  be  obtained  on  the  question  of  cleaning  the 
material  from  top  to  bottom.  There  were  noted,  however,  a  num- 
ber of  interesting  facts  bearing  upon  the  subject  and  which  will 
be  taken  up  in  turn  as  follows : 

1.  Kemoval  of  suspended  matter. 

2.  Reduction  in  voids. 

3.  Composition  of  deposit. 

4.  Condition  of  underdrains. 

5.  Durability  of  material. 

6.  Size  of  material. 

7.  Kind  of  material. 

Removal  of  Suspended  Matter.  As  noted  from  the  monthly 
average  removals  contact  filters  as  here  tested  uniformly  re- 
moved some  60  to  70  per  cent,  of  the  suspended  matter  in  settled 
or  septic  sewage.  Although  there  was  some  variation  it  is  con- 
spicuous that  the  suspended  matter  in  these  effluents  of  the 
primary  filters  were  usually  about  30  parts  per  million.  In  the 
secondary  filter  effluents  the  figure  was,  of  course,  lower  as  a  less 
turbid  influent  was  applied.  The  most  important  feature  to 
note  is  the  uniformity  of  removal  and  the  absence  of  any  such 
unloading  of  stored  material  as  is  characteristic  of  sprinkling 
filters.  This  was  true  of  these  filters  regardless  of  variations  in 
rates  and  methods  of  draining,  filling,  etc.,  as  noted  in  the  fol- 
lowing tables : 
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Suspended  Matter  Results  Summarized  hy  Periods. 


Net  Yi 

ELD   IN 

SUSPENDED  MATTER 

IVI  TT  T  f  nitf 

Gallons 

^CRE 

Period 

pBRi 

Total 

Vol- 
atile 

Percent. 
Removed 

Date 

Ending  1904 -S 

Daily 

Total 
for 

s 

♦J 
c 

4) 

•4-' 

s 

•4-' 

c 

»-« 

'♦5 

Averaire 

Period 

a 

S 

s 

s 

0 

E4 

H 

H 

> 

Primary  Contact  Filter  A 

,  No.  1   October  5 

1.80 

95.3 

105 

18 

60 

6 

83 

90 

2  October  30 

1.27 

31.9 

169 

40 

74 

18 

76 

76 

3   November  30  . . . 

0.46 

14.4 

97 

40 

40 

26 

59 

35 

4   February  18 

0.57 

45.5 

30 

15 

13 

5 

50 

62 

5   April  26 

1.10 

72.6 

250 

48 

92 

19 

81 

79 

6   May  1 

0.75 

4.0 

104 

32 

4 

2 

69 

50 

7  Jnne27 

0.68 
0.95 

38.7 
302.4 

176 
116 

38 
31 

68 
47 

14 
14 

78 
73 

79 

Totals  and  Averages. . . 

70 

Primary  Contact  Filter  B 

No.  1  Octobers 

1.90 

102.8 

160 

15 

50 

9 

91 

82 

2  October  30 

1.37 

34.3 

169 

28 

74 

15 

83 

80 

3   November  14  . . . 

0.67 

10.0 

142 

24 

44 

10 

83 

77 

4   January  2    

0.57 

27.9 

44 

23 

17 

6 

48 

65 

5   February  18... 

0.90 

42.3 

61 

18 

43 

9 

70 

79 

6   March  31 

2.28 

93.4 

232 

58 

72 

24 

75 

67 

7   April  23 

0.42 

10.1 

29 

11 

9 

8 

62 

11 

8  May  1 

1.56 

9.4 

104 

14 

4 

0 

87 

100 

9  June  27 

0.63 

36.1 

154 

32 

56 

12 

79 

79 

Totals  and  Averag-es. . . 

1.15 

366.3 

127 

25 

47 

11 

80 

77 

Primary  Contact  Filter  C 

No.  1   September  30. . . 

2.26 

99.6 

90 

8 

44 

0 

91 

100 

2  October  30 

1.64 

49.1 

95 

26 

40 

15 

73 

62 

3   November  20  . . . 

0.84 

17.6 

128 

15 

63 

10 

88 

84 

4    February  18 

0.44 

40.4 

97 

24 

50 

11 

75 

78 

5   April  26    

1.54 

101.7 

125 

54 

44 

22 

57 

50 

6   May  2 

1.02 

7.1 

84 

20 

6 

4 

76 

33 

7  June  27 

1.25 

67.4 

81 

24 

21 

7 

70 

67 

Totals  and  Averages. . . 

1.22 

382.9 

100 

30 

43 

13 

70 

70 

Primary  Contact  Filter  D 

No.  1   September  30. . . 

2.20 

96.9 

90 

22 

44 

16 

76 

-  64 

2  October  30 

1.06 

46.6 

95 

26 

40 

9 

73 

78 

3   November  20  . . . 

0.81 

17.2 

128 

15 

63 

11 

88 

83 

4  December  7 .    ... 

0  18 

3.2 

92 

14 

54 

10 

85 

81 

5   December  23 

1.70 

27.2 

183 

18 

80 

8 

90 

90 

6   January  1 

0.80 

7.2 

62 

4 

16 

4 

94 

75 

7   February  18 

0.77 

37.1 

49 

24 

37 

n 

51 

70 

8  March  31 

2.34 

95.8 

126 

80 

44 

47 

37 

-7 

9  April  4 

1.22 

3.7 

10  April  26 

1.46 

32.2 

114 

35 

37 

7 

69 

81 

11   May  2      

1.17 

8.2 

84 

34 

6 

18 

60 

-200 

12  June  27 

1.19 

64.4 

71 

24 

17 

11 

66 

35 

Totals  and  Averages. . . 

1.41 

439.6 

96 

32 

41 

16 

67 

61 

L 


Notes.  Contact  Filters  A  and  B;  effluent  of  Grit  Chamber  applied  throughout  the 
tests.  Contact  Filter  C;  effluent  of  Coke  Strainer  applied  during  periods  Nos.  1  to  4  in- 
clusive.   Septic  sewage  applied  thereafter. 

Contact  Filter  D;  effluent  of  Coke  Strainer  applied  during  periods  Nos.  1  to  7  incltt* 
slve.    Septic  Sewage  applied  thereafter.    Influent  aerated  during  period  No.  10. 
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Suspended  Matter  Results  Summarized  by  Periods. 


Net  Yield  in 

SUSPENDED  MATTER 

M  TT  T  f  mC     r*  A  T  T  /MhTC 

Period 

Per  i 

^CRE 

Total 

Vol- 
atile 

Percent. 
Removed 

Date 

Ending  1904-S 

Daily 

Total 
for 

c 

0) 

B 

♦J 
a 

c 

T-< 

Averajre 

Period 

a 

S 

s 

s 

0 



8 

u 

c 
1-^ 

U 

H 

> 

Primary  Contact  Filter  E 

No.  1   May  1 

1.24 
0.78 

0.95 

37.1 
38.1 

75.2 

47 

55 

51 

25 
26 

26 

11 

13 
12 

7 
10 

9 

47 
53 

49 

36 

2  Jnne  19 

23 

Totals  and  Averag-es. . . 

25 

Secondary  Contact  Filter  A 

No.  1   October  5 

2.00 

69.4 

11 

19 

6 

9 

-73 

-50 

2  October  30 

1.66 

41.4 

28 

17 

15 

7 

39 

f3 

3    November  20  . . . 

0.74 

15.6 

29 

16 

16 

6 

45 

63 

5   February  18 

0.67 

60.2 

18 

13 

7 

5 

28 

29 

5    April  25 

1.00 

64.7 

49 

36 

14 

14 

27 

0 

6  May  1 

0.88 
1.93 

1.23 

6.2 
109.5 

367.0 

14 
28 

26 

4 
11 

15 

0 
11 

10 

0 
4 

7 

71 
61 

30 

0 

7  June  27 

64 

Totals  and  Averag^es. . . 

30 

Secondary  Contact  Filter  B 

No.  1   October  5 

2.04 

102.5 

11 

16 

6 

4 

-45 

23 

2   October  30 

1.74 

43.4 

28 

14 

15 

6 

50 

60 

3   November  20  . . . 

0.85 

17.9 

29 

22 

16 

6 

24 

63 

4   December  30  . . . 

0.67 

27.5 

21 

6 

6 

2 

71 

67 

7   February  18 

1.38 

67.4 

16 

18 

9 

13 

-12 

-44 

10   April  25 

1.53 

99.3 

58 

17 

24 

6 

71 

75 

12  June  27 

1.22 
1.39 

75.8 
433.8 

76 
36 

37 
21 

18 
13 

8 

7 

51 

42 

56 

Totals  and  Averages. . . 

46 

Notes.— Contact  Filter  E;  effluent  of  Grit  Chamber  applied  throughout  the  opera- 
tion of  this  filter. 

Contact  Filler  A ;  the  effluent.of  Primary  Contact  Filter  B  was  applied  to  this  filter. 

Secondary  Contact  Filter  B;  the  effluent  of  Primary  Contact  Filter  B  was  applied 
to  this  filter  from  August  18, 1904  to  April  26,  1905  inclusive.  From  the  latter  date  until 
the  end  of  the  tests  the  effluent  of  Septic  Tank  A  was  applied. 


Reduction  in  Voids,  A  number  of  factors  may  be  instru- 
mental in  causing  a  reduction  in  the  open  space  in  contact  filters, 
chief  among  them  being: 

1.  The  application  to  and  the  retention  in  the  filters  of 
suspended  mineral  matters  which  biological  action  cannot  dis- 
solve. 
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2.  The  accumulation  within  the  filter  of  matters  originally 
organic  -  in  character,  which,,  having  been  reduced  to  a  state 
analogous  to  humus,  cannot  be  further  reduced  by  bacterial 
action. 

3.  The  application  to  the  filter  of  more  organic  matter, 
suspended  and  dissolved,  than  it  can  properly  care  for,  thus 
causing  an  excess  to  accumulate. 

4.  Accumulation  of  mineral  matters,  such  as  iron  salts, 
originally  applied  in  a  dissolved  state  and  thrown  out  of  solution 
within  the  filter. 

5.  Disintegration  on  the  part  of  the  filtering  medium. 

6.  Compacting  on  the  part  of  the  filtering  medium. 

The  first  and  second  factors  above  were  doubtless  the  chief 
agents  in  causing  a  reduction  in  voids  in  the  contact  filters  at 
the  testing  station.  The  third  and  fourth  factors  were  of  more 
or  less  importance,  but  it  is  not  believed  that  the  last  two  men- 
tioned factors  were  of  much  significance  with  these  filters. 

The  results  contained  in  the  following  tables  show  the  re- 
duction in  voids  in  these  contact  filters.  Primary  Contact  Filters 
A  and  B  throughout  the  tests  received  the  effluent  of  the  grit 
chamber,  and,  therefore,  more  mineral  solids  than  did  the  re- 
maining four  contact  filters.  The  loss  in  voids  in  the  former 
filter  was  materially  greater  than  in  the  latter.  An  illustration 
of  the  effect  of  the  amount  of  suspended  matter  retained  by  the 
filter  and  the  effect  of  periods  of  rest  on  the  percentage  of  voids 
is  to  be  noted  in  comparing  the  respective  figures  for  Primary 
Contact  Filters  A  and  B.  The  latter  filter  (B)  retained  half 
as  much  more  of  the  suspended  matter  applied  to  it  as  did  the 
former  (A),  and  was  rested  during  a  total  of  only  28  days,  as 
against  57  days  in  the  case  of  the  other  filter.  The  result  was  a 
loss  in  voids  roughly  50  per  cent,  greater  in  the  case  of  Primary 
Contact  Filter  B  than  in  Primary  Contact  Filter  A. 

Primary  Contact  Filters  C  and  D,  and  Secondary  Contact 
Filters  A  and  B,  were  apparently  not  overworked  during  the 
tests  as  the  loss  in  voids  in  the  case  of  all  four  filters  was 
practically  the  same  and  quite  moderate  in  amount. 
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A  rather  remarkable  feature  in  connection  with  the  behavior 
of  these  four  filters  relates  to  the  fact  that  roughly  five  times 
as  much  suspended  matter  was  retained  in  Primary  Contact 
Filters  C  and  D  as  in  Secondary  Contact  Filters  A  and  B,  and, 
although  the  periods  of  rest  in  the  latter  case  amounted  to  about 
30  per  cent,  more  than  in  the  former,  the  loss  in  voids  in  all 
four  filters  was  practically  the  same.  In  time,  of  course,  the 
equality  would  disappear.  Crushed  coke  of  similar  size  was  used 
in  each  filter. 

Reduction  in  Voids  of  Contact  Filters. 


Contact  Filter 


Primary  A  . , 
Primary  B.. . 
Primary  C. . . 
Primary  D  .  . 
Secondary  A 
Secondary  B, 


Days  in 
THE  Period 


Total 


317 
317 
313 
313 
300 
313 


Total 
Days 
Rest- 
ed 


57 
28 
36 
36 
45 
45 


ToTAiv  Tons 
Retained 

IN   THE 

Filter  per 
Acre 


Ni- 
tro- 
gen 


3.28 


Dry 

Sus- 

pend- 

Mat- 

ter 


107.0 


3.36      155.7 


3.38 
5.69 


111.8 
117.4 


Per  Cent. 
OF  Voids 


Be- 
gin- 
ning 


End 


3.52        15.3 


3.62 


27.1 


43.1  ,  33.8 
47.0     31.9 


54.0     45.8 


54.0 
49.6 


54  3 


44.7 
41.7 


45.7 


Per 
Cent. 

Loss 

in 
Voids 


21.6 
32.0 
15.2 
17.2 
15.9 
14.9 


Note:  Primary  Contact  Filters  A  and  B  received  the  effluent  of  the  Grit 
Chamber  througrhout  the  tests.  Primary  Contact  Fillers  C  and  D  received  the  efflu- 
ent of  Coke  Strainer  A  from  Aug-.  16,  1904  to  February  1,  1905,  and  from  the  latter 
date  to  June  30, 1905,  they  received  septic  sewape.  Secondary  Contact  Filter  A  received 
the  effluent  of  Primary  Contact  Filter  B  throughout  the  tests.  Secondary  Contact  Filter 
B  also  received  the  effluent  of  Primary  Contact  Filter  B  until  April  26,  1905;  and 
after  that  date  septic  sewage. 


Composition  of  the  Deposit.  The  deposit  formed  upon  the 
material  in  contact  filters,  in  accordance  with  current  views  upon 
the  subject,  plays  an  important  part  in  the  action  of  the  filter 
upon  the  putrescible  matters  contained  in  the  applied  sewage. 
From  a  practical  standpoint  these  deposits  govern  in  a  material 
measure  the  life  of  the  filter ;  and  upon  the  balance  between  the 
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suspended  matter  retained  at  each  flooding  and  the  amount  dis- 
solved and  destroyed  by  bacterial  action,  depends  the  necessity 
for  rejuvenation  and  ultimately  the  removal  and  cleaning  of  the 
filtering  material. 

From  the  evidence  obtained  during  these  tests  it  appears 
that  the  greater  part  of  the  clogging  material  was  located  in  the 
upper  portion  of  the  filter,  particularly  in  the  immediate 
neighborhood  of  the  influent  pipe  and  near  the  surface.  The 
middle  depths  of  the  filter  contained  far  less  deposited  matter 
than  the  surface  layers.  On  April  15,  1905,  the  filtering  material 
was  removed  from  Primary  Contact  Filter  A,  and  an  examina- 
tion was  made  of  the  condition  of  the  filter.  Samples  of  the  filter- 
ing material  were  collected  at  different  depths  and  the  deposit 
removed  therefrom  was  submitted  to  analysis,  the  results  of 
which  are  presented  in  the  next  table: 

Composition  of  the  Deposit  in  Primary  Contact  Filter  A, 


Constituents 


Wet  Sludge. 

Tons  per  acre  (5  foot  filter) 

Cubic  yards 

Specific  gravity 

Per  cent,  water 

Per  cent,  ferrous  sulphide  (FeS) 

Dry  Sludge. 

Tons  per  acre  (5  foot  filter) 

Per  cent,  volatile  matter 

Per  cent,  ether -soluble  matter.. 
Per  cent,  nitrogen 


Middle 


178 

174 

1.21 

67.4 

.009 


56 

25.5 

1.5 

1.38 


Condition  of  TJnderdrains.  The  filtering  material  was 
removed  from  Primary  Contact  Filter  A  on  April  15,  1905,  as 
already  stated.  At  about  the  same  time  the  material  was  also 
removed  from  Primary  Contact  Filter  B.  The  condition  of  the 
two  filters,  as  regards  features  of  clogging  on  the  part  of  the 
filtering  material  and  underdrains,  was  much  the  same  and  gen- 
erallv  indicative  of  conditions  in  the  other  contact  filters. 
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The  slope  of  the  floor  of  these  tanks  toward  the  outlet  was 
0.25  inch  to  the  foot,  and  the  underdraining  layer  was  composed 
of  4  inches  of  1.75  inch  to  3  inch  stones  and  two  inches  of  0.42 
inch  to  1.75  inch  stones.  This  underdraining  layer  was  found  to 
be  waterlogged,  and  matted  together  with  a  black  gelatinous 
deposit.  Free  exit  of  the  effluent  through  this  underdraining 
layer  was,  therefore,  rendered  impossible,  and  it  passed  from  the 
filters  through  channels  which  formed  in  the  clogged  material 
after  a  sufficient  slope  had  been  established.  This  clogged  ma- 
terial could  only  with  difficulty  be  cleaned  with  a  hose  owing 
to  the  tenaciousness  with  which  the  sticky  deposit  adhered  to 
the  stones.  The  necessity  for  very  coarse  free-draining  bottom 
layers  of  materials  in  primary  contact  filters  treating  the  local 
sewage  was  made  apparent  and  there  seems  little  doubt  that  in 
the  filter  under  discussion  the  underdraining  material  was  com- 
posed of  particles  too  fine  to  give  the  best  results.  These  under- 
drains  were  removed  in  April  and  replaced  with  coarser  material 
as  described  in  Chapter  II. 

Durability  of  Filtering  Material.  Regarding  the  durability 
of  the  various  materials  the  evidence  obtained  in  other  places 
indicates  quite  clearly  that  slag,  some  kinds  of  clinkers  and  burnt 
ballast  have  a  marked  tendency  to  crumble  with  use,  particularly 
furnace  slag,  which  usually  contains  much  calcium  carbonate 
soluble  in  sewage.  The  durability  of  coke  and  cinders  in  contact 
filters  is  not  so  well  understood.  On  account  of  the  fact  that  this 
is  a  bituminous  coal  region  the  cinders  which  were  locally  avail- 
able were  of  a  very  unsatisfactory  character,  and  unworthy  of 
consideration;  and,  furthermore,  only  very  small  quantities  of 
clinker  are  formed  from  the  combustion  of  this  kind  of  fuel. 
Locally,  therefore,  broken  stone  and  coke  were  the  only  two 
materials  suitable  for  contact  filters  and  available  at  reasonable 
cost. 

The  tests  were  of  too  short  duration  to  enable  decisive  data 
to  be  obtained  upon  the  durability  of  the  broken  limestone  or 
crushed  coke  used  in  the  tests.  In  an  endeavor  to  get  some  light 
on  this  question,  however,  weighed  volumes  of  each  of  these 
materials  were  placed  in  cages  and  buried  in  contact  filters  soon 
after  the  tests  were  started,  and  after  nine  months  of  service 
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showed  upon  cleaning  no  appreciable  loss  in  weight.  The  gen- 
eral evidence  is  strong  that  although  a  slight  but  gradual  dis- 
integration of  both  these  materials  may  take  place  in  contact 
filters,  they  may  each  be  considered  as  satisfactory  for  use  in  this 
connection. 

Size  of  material.  There  is  very  little  to  be  said  (as  a  result 
of  these  tests)  on  the  question  of  size  of  material.  The  sizes  used 
were  based  chiefly  on  experiences  in  treating  a  more  or  less 
similar  sewage  with  this  style  of  filter  at  the  Lawrence  Experi- 
ment Station  of  the  Massachusetts  State  Board  of  Health.  With 
the  stronger  sewages  of  Europe  a  finer  material  seems  to  be  pre- 
ferred, but  it  is  doubtful  about  such  being  necessary  here. 

Kind  of  Matetnal,  As  broken  stone  and  crushed  coke  were 
the  only  filtering  materials  available  for  the  purposes  of  these 
tests,  a  comprehensive  comparison  of  the  relative  efficiency  of 
different  kinds  of  material  was  not  attempted.  It  may  be  of  in- 
terest, however,  to  call  attention  to  the  average  results  of  Pri- 
mary Contact  Filters  A,  B  (broken  stone  filters),  C  and  D  (coke 
filters,  which  show  that  for  local  conditions  at  least  both  ma- 
terials appear  to  be  equally  efficient. 

AVERAGE  NET  RATES. 

During  the  entire  period  of  the  tests  the  average  net  rates 
of  treatment  employed  in  the  case  of  the  several  contact  filters 
were  as  follows : 

Average  Net  Bates  of  Treatment  in  Contact  Filters, 


Contact 
Filter 


Primary  A  .  . 
Primary  B. . . 
Primary  C.  . 
Primary  D  . . 
Primary  K  .  . 
Secondary  A 
Secondary  B. 


Period  of  Operation 
1904-5 


August  16-June  27 
August  16-Juiie  27 
August  18-June  27 
August  18-June  27 
April  1-June  19 
September  1-June  27 
August  18-June  27 


Average  Daily  Net  Rate 
OF  Treatment 


Number 

of 
Fillings 


1.41 
2.00 
1.50 
1.74 
1.51 
1.61 
1.66 


Million 

Gallons 

per  Acre 

0  953 
1.154 
1.222 
1.405 
0.953 
1,226 
1.336 


Gallons 

per 

Cubic 

Yard 


119 
143 
152 
174 
119 
152 
172 
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In  noting  the  rates  tabulated  above  it  is  to  be  borne  in 
mind  that  with  the  character  of  influent  here  encountered  (see 
foregoing  analyses)  a  rate  of  one  million  gallons  per  acre  daily 
for  a  5-foot  single  contact  filter  is  too  great  on  an  average  to 
allow  a  non-putrescible  effluent  to  be  regularly  obtained.  A 
safe  daily  rate  would  apparently  be  in  the  neighborhood  of 
600,000  to  700,000  gallons.     . 

SPECIAL  FEATURES  RELATIVE  TO  EFFICIENCY. 

Influence  of  Septicization,  In  the  past  considerable  weight 
has  been  attached  by  some  to  the  view  that  the  changes  effected 
in  the  composition  of  sewage  in  its  passage  through  septic  tanks 
facilitate  materially  the  subsequent  treatment  of  the  sewage  in 
such  finishing  devices  as  contact  filters.  This  opinion  apparently 
arose  from  the  results  of  septic  treatment  in  certain  cases  where 
there  was  a  substantial  decomposition  of  crude  organic  matter 
and  in  general  a  partial  purification  prior  to  the  final  treatment. 

English  experience,  perhaps  owing  to  the  greater  concentra- 
tion of  the  sewages  of  that  country  than  in  the  United  States, 
indicates  that  in  some  cases  satisfactory  effluents  may  be  ob- 
tained from  single  contact  filter  treatment  only  when  such  filters 
are  preceded  by  septic  tanks,  at  least  such  convictions  have  been 
expressed  by  certain  English  authorities. 

The  relation  of  the  amounts  of  solid  matter  retained  to  those 
digested  in  a  contact  filter  is  obviously  an  important  feature  in 
the  successful  working  of  the  filter;  and,  according  to  present 
evidence,  the  removal  of  such  matters  from  the  sewage  by  pre- 
paratory septic  tank  treatment  stands  forth  pre-eminently  as  a 
more  practical  method  than  the  treatment  in  contact  filters  of  the 
raw  sewage.  The  advantages  attached  to  the  former  procedure, 
as  evidence  obtained  during  these  tests  indicates,  cannot  be 
ascribed  at  Columbus  to  the  effect  of  a  material  change  in  the 
dissolved  organic  constituents  of  the  applied  sewage,  but  rather 
to  its  relatively  lower  suspended  matter,  and  as  a  consequence  the 
diminished  work  per  unit  of  volume  required  in  the  contact  filter. 

To  throw  some  light  upon  the  relative  advantages  of  apply- 
ing septic  sewage  and  plain  settled  sewage  to  contact  filters 
during  May  and  June,  1905,  Primary .  Contact  Filters  C  and  D 
were  supplied  with  the  effluent  of  Septic  Tank  A,  having  a  16- 
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hour  period  of  flow.    Primary  Contact  Filters  A  and  B  received 
the  effluent  of  the  grit  chamber  as  usual. 

In  the  following  table  the  efficiencies  of  the  two  sets  of 
filters  above  mentioned  are  compared.  The  results  are  expressed 
in  pounds  of  applied  nitrogen  per  acre,  pounds  found  in  the 
effluent,  pounds  of  nitrified  nitrogen  contained  in  the  effluent, 
per  cent,  of  nitrified  nitrogen  and  per  cent,  unaccounted 
for.  As  the  results  show  there  was  practically  no  difference  in 
the  results  obtained  from  the  two  pairs  of  filters.  While  nitrifi- 
cation was  perhaps  slightly  less  active  in  the  case  of  the  filters 
receiving  septic  sewage,  the  apparent  loss  of  nitrogen  was  ma- 
terially greater.  Evidence  obtained  during  these  tests  show  that 
aside  from  the  benefits  to  be  derived  from  a  removal  of  the  sus- 
pended matters  the  septic  process  offers  practically  no  other 
advantages  as  an  adjunct  to  contact  filter  treatment.  On  the 
other  hand,  there  were  noted  no  disadvantages  in  treating  a 
septic  sewage,  other  things  being  equal. 

Relation  of  the  Composition  of  the  Applied  Sewage 
to  the  Efficiency  of  Contact  Filters. 


< 

(I4 


Net  Yield 

PER  Acre 

Million  Galions 


Daily 
Average 


Total  for 
Mouth 


?. 


r^  *   -J 

Q  O  •- 

fc  ft, 

Z  < 


Z 

X 


^S«W 


Pounds  of  Nitrogen 
PER  Acre  per  Month 

"  i  J 
■  fc  fe  H  a 

>-i  in  0  'M 

M     Kr     fr,     — 

*  ui  0 

Total 

Nitrified 
Nitropen 
Con- 
tained 

in 
Effluent 

Applied 

Effluent 

Percent- 
age 

Re- 
moval 

of 

Nitro- 
gen 


Averages  for  May. 


A 

0.716 

22.20 

15.74 

2, 1 75 

1,907 

704 

32 

B 

0  610 

20.47 

9.59 

1,947 

1,449 

270 

14 

C 

1.190 

36  90 

9.43 

3,847 

3,354 

560 

15 

D 

1.190 

35.70 

9.23 

3,722 

3.038 

473 

13 

12 
26 
13 
18 


Averages  for  June. 


A 
B 
C 
D 


0.644 

17  17 

7.17 

2,341 

2,850 

163 

7 

O.olO 

16.27 

8.36 

2,184 

2,700 

159 

7 

1.230 

32.90 

6.88 

3.265 

2,606 

170 

5 

1.405 

31.00 

5.56 

3,077 

2,223 

83 

3 

-22 
-24 
20 
28 


Notes:  Contact  Filters  A  and  B  received  the  effluent  of  Grit  Chamber.  Contact 
Filters  C  and  D  received  the  effluent  of  Septic  Tank  A.  Contact  Filter  A  rested  every 
other  week.     Filters  B.  C  and  D  were  not  rested  during  Maj'  and  June. 
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Aeration  of  the  Influent  of  Primary  Contact  Filter  D,  Be- 
ginning April  4,  1905,  and  continuing  until  April  24,  1905,  the 
effluent  of  Septic  Tank  D,  which  was  applied  to  Primary  Con- 
tact Filter  D,  was  aerated  by  passing  it  down  three  6  inch  steps 
with  a  total  fall  of  about  2.5  feet.  This  feature  was  introduced 
with  the  view  to  encourage  nitrification  by  the  additional  amount 
of  oxygen  introduced  into  the  filter.  During  the  period  when 
this  expedient  was  studied  there  was  apparently  little  difference 
in  the  character  of  the  effluent  of  Primary  Contact  Filter  D  and 
that  of  Primary  Contact  Filter  C,  which  received  similar  septic 
sewage,  but  without  aeration.  As  indicated  by  the  experiments 
upon  the  application  of  sodium  nitrate  to  contact  filters,  the 
filters  were  probably  overcharged  with  organic  matters  owing 
to  the  high  rates  of  operation.  Such  conditions  permitted  the 
profuse  development  of  denitrifying  bacteria  to  the  detriment  of 
nitrification  and  consequently  the  oxygen  introduced  into  the 
applied  sewage  was  insufficient  to  effect  a  material  improvement 
in  the  character  of  the  effluent  of  this  filter. 

Effect  of  Winter  Weather.  As  has  already  been  stated  the 
efficiency  of  the  contact  filters  was  apparently  not  affected  by 
the  low  temperature  during  the  winter  of  1904-5.  Ice  formed 
on  the  surface  of  all  of  the  filters  which  were  located  in  the  open 
(Primary  Contact  Filters  C  and  D,  and  Secondary  Contact 
Filters  A  and  B ) ,  and  remained  there  practically  all  winter.  In 
no  case  were  the  surfaces  of  the  filters  completely  covered  with 
ice,  nor  were  the  surface  layers  of  the  filtering  material  ever 
completely  frozen. 

TESTS  OF  VARIOUS  PROCEDURES  OP  OPERATION. 

Filling.  Everything  seems  to  favor  the  rapid  filling  of  con- 
tact filters.  If  filled  slowly  the  lower  portions  of  the  filter  re- 
ceive a  longer  period  of  contact  than  is  required,  and  the  de- 
velopment of  anaerobic  forms  of  bacterial  life  is  thereby  encour- 
aged to  the  detriment  of  the  aerobic  action.  While  the  biological 
action  in  a  contact  filter  must  of  necessity  be  both  aerobic  and 
anaerobic,  it  is  the  attainment  of  the  former  to  which  particular 
attention  should  be  directed,  otherwise  the  effluent,  per  se,  in  the 
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absence  of  a  well  defined  and  vigorous  aerobic  action  in  the  bed 
during  the  period  of  contact,  will  tend  to  be  putrescible.  Under 
ordinary  conditions  about  one  hour  seemed  a  sufficient  time  to 
allow  for  the  filling  of  a  5-foot  contact  filter. 

Period  of  Contact.  As  to  the  optimum  period  of  contact, 
or  * '  standing-f uir '  period,  opinions  differ  quite  materially.  It  is 
contended  by  some  that  the  period  of  contact  should  be  increased 
in  proportion  to  the  strength  of  the  sewage.  In  general  terms 
it  seems  to  be  a  fact  that  the  period  of  contact  should  not  be 
longer  than  to  bring  about  an  entire  absorption  of  the  atmos- 
pheric, oxygen  which  the  filter  and  the  sewage  contain,  and  to 
remove  by  the  agencies  of  adsorption  and  bacterial  reduction 
such  a  proportion  of  the  dissolved  and  suspended  putrescible 
matter  and  oxygenated  nitrogen  compounds,  respectively,  that 
the  residual  amounts  of  the  latter  will  be  adequate  in  the  oxidiz- 
ing of  the  residual  putrescible  matters  in  the  effluent.  In  certain 
cases  it  is  manifest  that  upon  a  too  prolonged  period  of  contact 
a  certain  quantity  of  nitrified  nitrogen  is  consumed  through  the 
action  of  denitrifying  forms  of  bacterial  life  without  incurring  a 
corresponding  oxidation  of  putrescible  matter.  For  this  reason 
among  others  it  appears  to  be  vitally  necessary  in  the  successful 
operation  of  contact  filters  not  only  to  encourage  serobic  action 
at  the  expense  of  a  diminished  anaerobic  and  consequently  re- 
ducing action,  but  to  discharge  the  effluent  from  the  filter  before 
the  nitrates  previously  formed  shall  have  been  entirely  reduced. 
Thereby  through  the  nitrates  there  is  obtained  an  active  and 
efficient  agent  in  the  protection  against  ultimate  putrefaction  of 
the  effluent.  When  such  conditions  obtain,  instead  of  a  well 
balanced  action  of  aerobic  and  anaerobic  bacteria,  the  latter  are 
favored  to  the  encouragement  of  the  abnormal  development  of 
denitrifying  forms  with  its  general  detriment  to  the  effluent. 

During  the  period  April  1-15,  1905,  inclusive.  Primary  Con- 
tact Filters  A,  B  and  E  were  operated  upon  different  schedules 
to  determine  the  effect  of  varied  periods  of  contact  upon  the 
efficiency  of  the  filters.    Details  of  operation  were  as  follows : 
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Schedule  of  Operation. 


Contact 

Periods  in  Cycles.    (Hours) 

Actual  Rate  of 
Treatment. 

Filter 

Filling 

Stand- 
ing 

Drawing 

Resting 

Gallons  per  Acre 
Daily 

Primary  A. . . 
Primary  B. .  . 
Primary  E. .  . 

1 
1 
1 

0 

12 

2 

1 
1 

1 

10 
10 

8 

1,320,000 

682,000 

1,483.000 

Daily  analyses  were  made  of  the  average  discharge  from 
the  different  filters  and  samples  were  also  collected  representing 
the  first,  middle  and  last  portions  of, the  flow;  these  latter 
samples  were  examined  for  dissolved  oxygen  and  nitrogen  as 
nitrates,  nitrites  and  free  ammonia  only. 

The  evidence  obtained  during  these  studies  showed  clearly 
that  there  was  practically  no  difference  in  the  efficiency  of  the 
contact  filters  under  local  conditions  when  operated  in  accord- 
ance with  the  above  schedule.  While,  as  pointed  out  above,  it 
seems  probable  that  a  protracted  period  of  contact  would  be 
conducive  to  poor  results,  these  experiments  clearly  indicate 
that  under  local  conditions  a  period  of  only  one  hour  apparently 
exceeded  the  critical  time  of  contact.  In  other  words,  conditions 
obtaining  during  the  tests  were  such  that  denitrifying  actions 
outweighed  the  normal  aerobic  agencies  at  work  in  the  contact 
filters. 
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The  following  tables  show  the  average  results  of  these  ex- 
periments : 

Effect  of  Period  of  Contact  Upon  the  Efficiency 

of  Contact  Filters, 

(Analysis  of  the  Average  Discharge) 


Parts  per  Mii,i,ion 


Primary  Contact  Filter 


Period  of  Contact  (Hours) 


Oxygen  Consumed 


Nitrogen  as^ 


Organic 

Free  Ammonia. 


Nitrites. 
Nitrates 


Suspended  Matter. 
Oxygen  Dissolved. 


A. 


Influ- 
ent 


25 
3.1 
8.3 
0.06 
0  3 
43 
2.6 


Eflflu- 
ent 


0 


13 

1.4 

6.2 

0.05 

0.2 

12 
0.0 


E. 


Influ- 
ent 


25 


3.1 


8.3 


0.06 
0.2 


43 


2.6 


B. 


Efflu-  Influ- 
ent     ent 


15 


1.3 

5.7 

0.05 

O.l 


24 


0.0 


12 


24 

3.1 

8.4 

0.04 

0.2 

47 
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ent 
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10 
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Contact  Filter  A: 
Contact  Filter  B: 
Contact  Filter  E: 


Averag-e  of  II  analyses,  April  3-15,  1905. 
Averag-e  of  9  analyses,  April  4-15,  1905. 
Averagre  of  11  analyses,  April  3-15,  1905. 


The  following  data  are  illustrative  of  the  variation  in  the 
composition  of  the  effluent  of  the  contact  filters  during  different 
portions  of  the  discharge : 
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Average  Analysis  of  the  First,  Middle  and  Last 
Portions  of  the  Discharge, 

(Average  of  9  analyses,  April  2,  1905- April  12,  1905) 


Portion 

OF 

Discharge 


Primary  Contact  Filter  A 

First. .; 

Middle 

Last 

Primary  Contact  Filter  E 

First 

Middle 

Last 


Parts  per  Mii^lion 


Nitrogen  as 


Free 

ft                           • 

Nitrites 

Ammonia 

6.8 

.04 

6.0 

.06 

5.5 

.05 

6.2 

.07 

5.6 

.08 

5.4 

.06 

Nitrates 


0.1 
0.2 
0.1 


0.0 
0.2 
0.3 


Oxygen 
Dis- 

SOI.VED 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


Draining.  Practically  the  same  reasoning  as  applied  in 
favor  of  the  rapid  filling  of  contact  filters  may  be  applied  to  the 
rate  at  which  they  should  be  drained.  The  act  of  draining  a 
contact  filter  is  in  no  wise  a  function  of  its  eflficiency  unless  the 
rate  of  discharge  of  the  effluent  be  sufficiently  high  to  flush  out 
quantities  of  the  more  or  less  putrescent  suspended  matters  con- 
tained therein,  the  proper  reduction  of  which  within  the  filter  is 
most  assuredly  a  very  important  function  of  the  contact  filter 
treatment.  It  would  seem  certain,  therefore,  that  the  rate  of 
emptying  a  contact  filter  should  always  be  as  high  as  is  permis- 
sible without  creating  undue  mechanical  disturbances  within  the 
filter.  In  a  general  way  from  0.5  to  1.0  hour  should  be  sufficient 
for  the  draining  period  in  the  case  of  filters  containing  5  feet 
of  material.  Such  periods  correspond  to  a  downward  velocity  of 
from  about  0.25  to  0.5  m.  m.  per  second.  The  rate  of  draining 
does  not  seem  to  be  a  factor  with  reference  to  the  removal  of 
suspended  matter  to  reduce  clogging  of  the  voids. 

Period  of  Besting  Empty,  or  Oxidation  Stage,  This  part 
of  the  cycle  of  operation  of  a  contact  filter  is  by  far  the  most 
important  of  the  four  periods  of  which  the  cycle  is  composed. 
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To  reduce  this  period  in  favor  of  longer  periods  of  contact  is  to 
approach  strictly  anaerobic  conditions,  in  many  ways  analogous  to 
the  actions  in  a  septic  tank ;  and  it  is  perfectly  well  known  that 
without  a  more  or  less  thorough  oxidizing  action  in  a  contact 
filter  the  effluent  thereof  will  prove  unsatisfactory. 

As  the  sewage  is  discharged  from  the  filter  the  pores  of  the 
filter  fill  with  air,  and  until  this  air  is  exhausted  aerobic  action 
flourishes,  effecting  the  oxidation  of  the  organic  matter  adhering 
to  the  grains  of  filtering  material.  The  data  are  too  inconclusive 
to  permit  of  definite  statements  regarding  the  optimum  duration 
of  the  period  of  rest.  In  a  general  way  it  seems  advisable  to 
prolong  the  period  to  the  maximum  permissible  at  the  expense 
of  the  other  periods  in  the  cycle  of  operation,  but  always  with 
the  understanding  that  there  should  be  present  sufficient  avail- 
able oxygen  to  allow  nitrification  to  proceed  advantageously. 

RELATIVE  ADVANTAGES  OP  SINGLE  AND  DOUBLE  CONTACT 

FILTRATION  FOR  SECURING  A  NON-PUTRESCIBLE 

EFFLUENT  AT  THE  SAME  NET  RATE 

OF    TREATMENT. 

Opinions  differ  widely  regarding  the  rates  of  treatment 
which  may  be  employed  in  the  case  of  contact  filters,  and  obtain 
satisfactory  results— that  is,  non-putrescible  effluents.  In 
England  the  opinion  was  formerly  held  by  some  that  it  is  pos- 
sible to  maintain  for  some  time  in  a  5-foot  single  contact  filter 
rates  as  high  as  two  million  gallons  with  satisfactory  results. 
This  corresponds  to  about  three  fillings  per  day.  The  concensus 
of  opinion  seems  to  be,  however,  that  about  one  filling  per  day 
is  as  much  as  a  single  contact  filter  can  satisfactorily  care  for. 
The  English  sewages  are  usually  much  stronger  than  those  of 
this  country,  however,  and,  therefore,  higher  rates  of  treatment 
are  theoretically  possible  here. 

The  results  obtained  with  the  5-foot  filters  during  these 
tests  indicated  with  considerable  clearness  that,  when  treating 
sewage  from  which  about  20  to  30  per  cent,  of  the  coarser 
particles  of  suspended  matter  had  been  removed,  about  one  fill- 
ing per  day,  net,  was  the  rate  (600,000  gallons  per  acre  daily)  at 
which   the  primary  filter   gave   the   most  satisfactory   results.. 


CONTACT   FILTERS  273 

Where  the  sewage  has  been  subjected  to  a  more  thorough  pre- 
paratory treatment,  either  strained  through  coke  or  passed 
through  a  septic  tank,  higher  rates  of  treatment  could  be  em- 
ployed with  fairly  satisfactory  results.  As  already  stated  it  is 
not  believed  that  a  non-putrescible  effluent  could  be  regularly 
obtained  at  a  rate  of  one  million  gallons  per  acre  daily. 

Regarding  the  optimum  rates  of  treatment  in  secondary  con- 
tact filters  the  evidence  seems  to  be  sound  that  practically  double 
the  rates  permissible  in  the  case  of  the  primary  filters  can  be 
employed  in  the  secondary  filters  with  reasonable  results  as  to 
quality  of  effluent.  By  employing  a  double  contact,  therefore, 
the  net  rates  per  acre  for  both  treatments  could  probably  be  in- 
creased over  those  possible  in  the  case  of  single  contact  filters  and 
obtaining  thereby  equally  satisfactory  results.  Such  increases 
appear  to  be  in  the  neighborhood  of  20  per  cent,  according  to 
the  local  data. 

THE  THEORY  OF  THE  ACTION  IN  CONTACT.  FILTERS. 

Various  theories*  have  been  proposed  in  explanation  of  the 
action  which  takes  place  when  sewage  is  treated  in  contact  filters. 
When  coarse-grain  filters  operated  upon  the  fiU-and-draw  plan 
first  came  into  use,  they  were  considered  as  extensions  of  the 
treatment  of  sewage  by  intermittent  sand  filtration  and  in  a 
similar  manner  the  resulting  action  was  ascribed  to  bacterial 
activity.  Later  developments  laid  stress  as  well  upon  physical 
and  mechanical  actions,  giving  precedence  to  the  adsorption 
power  of  organic  colloidal  matter  and  the  properties  of  adhesion 
and  gravity,  respectively,  rather  than  to  the  action  of  bacteria 
alone.  Casting  up  the  available  evidence,  and  basing  opinions 
upon  the  results  of  contact  filter  treatment  obtained  at  this 
station,  in  brief  terms,  the  action  taking  place  in  this  form  of 
sewage  treatment  may  be  stated  as  follows : 


*  For  literature  reg-arding-  the  theory  of  contact  filter  treatment,  the  followingr 
may  be  consulted: 

,  Dibden,  W.  J.,  The  Purification  of  Sewage  and  Water.    1903,  p.  64-5. 

Clark,  H.  W.,  Report  of  Massachusetts  State  Board  of  Health.    .  1899,  p.  439;  1901, 
p.  276-7. 

Dunbar  and  Thumm,  Beitrag  zum  derzeitigen  Stande  der  Abwasserreinigungsfrage 
1902,  p.  23  et.  seq. 

Phelps,  E.  B.  and  Farrel,  F.  W.,  Journal  Infects  Dis.    Chicago,  May,  1905,  p.  229. 
Dunbar,  Gesundheits  Ingenieur.    May,  1905,  p.  249. 
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Deposition  of  Suspended  Matter  and  Partial  Removal  of 
Dissolved  Colloidal  Matter,  When  a  filter  stands  filled  with 
sewage,  there  is  deposited  upon  the  surface  of  the  filtering  ma- 
terial a  substantial  percentage  of  the  suspended  matters  in  the 
applied  sewage,  and  at  the  same  time  the  gelatinous  coating  of 
organic  colloidal  matters  left  upon  the  particles  of  filtering  ma- 
terial from  previous  floodings,  removes  by  adsorption  a  certain 
proportion  of  dissolved  putrescible  matters. 

Formation  of  Oxygenated  Compounds  of  Nitrogen  and 
Carbon,  Upon  emptying  the  filter  the  voids  become  filled  with 
air,  the  oxygen  of  which  enables  the  bacteria  to  oxidize  the 
organic  matters  retained  upon  the  particles  of  material.  This 
results  in  the  ultimate  formation  of  nitrates  and  nitrites  and  the 
production  of  a  considerable  quantity  of  carbon  dioxide.  The 
oxygen  soon  becomes  exhausted  and  from  this  point  until  the 
filter  is  again  fiooded  anaerobic  activities  manifest  themselves, 
breaking  down  the  complex  putrescible  matters  retained  within 

ft 

the  filters  and  effecting  a  certain  reduction  of  the  oxidized 
nitrogen  compounds  formed  prior  to  the  exhaustion  of  the  free 
gaseous  oxygen. 

Be-Application  of  Sewage,  When  sewage  is  again  applied 
to  the  filters,  a  fresh  deposition  and  adsorption  of  organic  matter 
takes  place,  and  a  considerable  portion  of  the  putrescible  matters 
are  broken  down  to  a  material  degree  through  the  action  of  the 
denitrifying  bacteria,  which  make  available  the  oxygen  com- 
bined with  the  nitrates  and  the  nitrites  formed  during  the  pre- 
Tious  period  of  rest.  As  these  actions  tend  to  remove  the  putres- 
cible matters  from  the  sewage  the  quantity  of  oxidized  nitrogen 
•compounds  available  during  the  cycle  of  operation  of  filters  of 
this  character  would  appear  to  govern  to  a  material  degree  the 
putrefactive  tendencies  of  the  resulting  effluents. 

Conditions  Necessary  for  Satisfactory  Purification,  Ex- 
perience with  the  keeping  qualities  of  effluents  of  contact  filters 
have  indicated  that  a  certain  amount  of  oxygen  in  the  form  of 
nitrates  or  nitrites  is  essential  to  insure  a  satisfactory  effluent 
in  the  majority  of  instances.    The  indications  are,  therefore,  that 
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when  satisfactory  effluents  are  obtained  insofar  as  relates  to 
their  non-putrescible  tendencies,  the  action  taking  place  within 
the  filter  has  been  such  as  to  form  sufficient  nitrified  nitrogen  so 
that  there  will  be  present  in  the  effluent  when  discharged  from 
the  filter  an  appreciable  excess  of  nitrified  nitrogen  over  and 
above  the  amount  required  for  the  biological  oxidation  of  the 
putrescible  compounds  which  escaped  oxidation  within  the  filter. 

SUMMARY. 

In  view  of  the  summaries  of  the  degree  of  purification 
(pp.  241-2)  and  rates  of  filtration  (pp.  248-50)  it  seems  needless 
here  to  do  more  than  refer  to  the  resume  in  Chapter  VII. 


Chapter  VL 


Treatment  of  Columbus  Sewage  by  Sprinkling  Filters, 


Sprinkling  filters,  known  also  as  **  Intermittent  Continu- 
ous/' *' Continuous, "  **  Trickling '  *  or  **  Percolating  * '  filters,  are 
the  outcome,  as  is  true  of  contact  filters,  of  investigations  with 
gravel  filters  at  the  Lawrence  Experiment  Station.  As  de- 
scribed in  the  special  report  of  the  Massachusetts  State  Board  of 
Health,  1890,  Part  II.,  pp.  549  and  563,  two  gravel  filters,  Nos. 
15a  and  16a,  five  feet  in  depth,  were  constructed  in  July,  1889. 
The  size  of  particles  ranged  from  0.25  inch  to  0.75  inch  in  No. 
15a,  and  from  0.125  inch  to  0.375  inch  in  No.  16a.  These  filters 
at  first  were  operated  at  low  rates,  not  exceeding  those  for  inter- 
mittent filters  of  coarse  sand.  In  1890,  however,  the  rate  was 
increased  to  the  vicinity  of  200,000  gallons  per  acre  daily  in  the 
case  of  No.  16a.  Quite  satisfactory  results  were  obtained  when 
the  doses  were  applied  night  and  day  at  20-  to  30-minute  in- 
tervals by  means  of  an  automatic  siphon  discharge,  as  stated  in 
the  1891  report,  p.  555.  After  a  while  nitrification  ceased  in 
this  filter,  due  to  clogging  by  suspended  matters,  and  air  was 
drawn  through  the  filtering  material  to  increase  artificially  the 
aeration  and  also  the  nitrification.  Clogging,  however,  had  prog- 
ressed too  far,  and  in  July,  1892,  new  filters,  Nos.  15b  and  16b, 
were  constructed  of  similar  gravel.  They  were  operated  at  a 
rate  of  400,000  to  500,000  gallons  per  acre  daily,  and  nitrification 
was  assisted  systematically  by  artificial  aeration  in  order  to  re- 
duce clogging  (See  1895  report,  pp.  464  and  482).  This  aeration 
of  the  filter  itself  proved  helpful,  but  not  to  a  degree  commensu- 
rate with  its  cost.  The  purification  at  these  rates  was  quite  satis- 
factory so  long  as  the  voids  were  not  clogged  to  preclude  access 
of  air. 
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More  or  less  similar  experiments  with  coarse  material  and 
aeration  were  conducted  by  Colonel  Waring  at  Newport,  R.  I., 
during  1894.  It  was  left  for  English  investigators,  however,  to 
develop  the  more  practical  features  of  sprinkling  filters  as 
operated  to-day. 

In  1893  a  series  of  experiments  was  begun  at  Salford,  Eng- 
land, by  Mr.  Joseph  Corbett,  borough  engineer,  in  which  rapid 
filtration  through  filters  of  coarse  material  was  given  careful 
study.  As  a  result  of  these  experiments,  the  Salford  Corpora- 
tion laid  down  several  acres  of  filters  to  be  operated,  as  Mr. 
Corbett  stated  in  his  testimony  before  the  Royal  Commission, 
**0n  the  scheme  of  the  Massachusetts  experiments,  which  are  on 
the  trickling  flow  system. ' '  Other  English  comments  of  interest 
upon  this  type  of  filter  are  found  in  Martin's  Sewage  Problem, 
p.  181. 

.The  present-day  sprinkling  filters  differ  from  the  original 
test  filters  of  gravel  at  Lawrence  in  that  the  sewage  is  continu- 
ously applied  to  the  filters  for  long  intervals  at  a  time  in  the 
form  of  a  spray,  and  also  that  the  filtering  material  is  coarser 
and  perhaps  more  thoroughly  underdrained.  This  aeration  of  the 
sewage  applied  to  the  filters  causes  the  liquid  to  be  in  round 
numbers  about  80  per  cent,  saturated  when  it  reaches  the  filter 
surface.  This  aeration  and  the  use  of  coarser  material,  permits 
a  non-putrescible  effluent  to  be  obtained  at  far  higher  rates  of' 
operation  than  in  the  early  Lawrence  tests,  and  with  a  marked 
reduction  in  clogging. 

About  1899  the  construction  of  the  main  sprinkling  filter 
works  at  Salford  was  commenced,  and  at  that  time  there  were  a 
number  of  small  installations  being  gradually  developed  else- 
where in  England,  especially  at  Accrington.  It  is  unnecessary 
here  to  trace  the  early  history  of  this  process  in  further  detail, 
although  it  is  proper  to  mention  the  important  tests  made  abroad, 
especially  at  Leeds  and  Birmingham,  England,  and  at  Berlin, 
Germany. 

In  this  country  there  is  very  little  information  available  on 
a  practical  scale  as  to  sprinkling  filters  in  their  modern  form. 
Tests  along  this  and  very  similar  lines  on  a  small  scale,  however, 
have  been  conducted  at  Lawrence  under  the  direction  of  Mr.  H. 
W.  Clark,  Chemist,  State  Board  of  Health,  since  early  in  1899. 
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These  tests,  which  were  apparently  started  shortly  before  the 
commencement  of  the  period  of  practical  developments  in  this 
line  in  England,  have  gradually  been  extended  in  their  scope, 
and  include  special  filters  operated  at  Andover,  Mass. 

For  several  years  sprinkling  filters  have  been  well  thought 
of  for  problems  in  the  South  by  sanitary  engineers  in  this  coun- 
try familiar  with  European  practice.  For  conditions  in  the 
North,  considerable  apprehension  was  felt  as  to  their  practica- 
bility on  the  ground  of  difficulty  of  distributing  the  sewage  as  a 
spray  during  the  severe  winters.  However,  there  has  been  oper- 
ated for  several  years  at  Madison,  Wis.,  a  coarse-grain  filter  at 
the  rate  of  about  1,000,000  gallons  of  sewage  daily,  to  which  the 
sewage  has  been  continuously  applied  through  lines  of  perforated 
tile  pipe  laid  about  two  feet  apart.  These  distributing  pipes 
are  placed  below  the  surface,  over  which  during  the  winter  in 
some  instances  there  has  been  a  covering  of  hay.  This  type  of 
filter,  called  sprinkling  filters  by  some,  but  which  we  prefer  to 
call  trickling  filters,  is,  of  course,  lacking  in  the  feature  of  apply- 
ing the  sewage  in  the  form  of  a  fine  spray,  with  its  attending 
aeration. 

As  the  demonstration  of  the  practicability  of  operating 
sprinkling  filters  at  Columbus  during  the  severe  local  winter 
weather  was  one  of  the  most  important  features  developed  by 
the  tests,  permitting  a  non-putrescible  effluent  to  be  obtained  at 
much  less  cost  for  construction  and  operation  than  earlier  views 
indicated,  it  will  be  well  before  taking  up  the  detailed  results  to 
say  a  few  words  as  to  the  nature  of  this  process,  and  wherein  it 
differs  from  contact  filters. 

The  first  feature,  as  already  mentioned,  is  that  the  sewage 
as  it  reaches  the  filter  contains  about  80  per  cent,  of  the  atmos- 
pheric oxygen  necessary  for  saturation.  This  corresponds,  ac- 
cording to  the  temperature,  to  about  12.6  to  8.9  parts  per  million 
of  dissolved  oxygen,  which  in  itself  is  quite  a  factor,  as  will  be 
noted  by  comparing  it  with  the  37  parts  per  million  of  oxygen 
consumed  contained  on  an  average  in  the  effluent  of  the  septic 
tanks.  The  size  of  the  stones  forming  the  filtering  material 
enables  a  portion  of  the  suspended  particles  to  be  removed,  but  a 
substantial  proportion  of  the  fine  particles  passes  through  direct- 
ly from  top  to  bottom.    The  portion  of  suspended  matter  removed 
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in  the  pores  of  the  filtering  material  and  forming  films  around 
the  broken  stone  is  detached  at  irregular  intervals,  and  makes  its 
appearance  in  the  effluent.  Not  infrequently,  more  suspended 
matter  was  found  in  the  effluent  than  in  the  influent.  Those 
particles  which  are  detached  as  films  from  the  filtering  material 
are  practically  non-putrescible.  They  are  relatively  large  in 
size,  and  deposit,  of  course,  very  readily.  This  unloading  of  sus- 
pended matters  is  one  of  the  most  characteristic  features  of 
sprinkling  filters.  If  for  a  long  term  the  effluent  contains  less 
suspended  matter  than  the  influent,  it  shows  that  the  period  of 
rest  needs  re-ad justment.  In  fact,  at  Columbus  it  was  found 
most  satisfactory  to  operate  tho  filters  for  only  about  half  the 
time.  With  coarser  material,  such  as  is  favored  in  some  places, 
especially  in  Germany,  these  periods  of  rest  could  no  doubt  be 
made  shorter. 

SPRINKLING  FILTERS  TESTED. 

The  sprinkling  filters  tested  were  six  in  number  and  were 
known  as  Sprinkling  Filters  A,  B,  C,  D,  E  and  F,  respectively. 
Filter  A  was  12.9  feet  in  diameter  (0.003  acre)  and  was  located 
under  cover.  Filters  B,  C,  D  and  F  were  7.48  feet  in  diameter 
(0.001  acre)  and  all  were  located  in  the  open.  Filter  E  was 
9.56  feet  in  diameter  (0.00165  acre)  and  was  also  located  iia  the 
open.    The  filtering  material  in  each  case  was  broken  limestone. 

Filtering  Material  and  Underdrains.  In  four  of  the  six 
filters  (A,  B,  C  and  D)  the  layers  of  crushed  stone  were  5  feet 
in  depth,  resting  on  6  inches  of  graded  gravel  underdrains, 
similar  to  those  in  the  contact  filters.  In  one  (E)  the  stone  layer 
was  also  5  feet  deep,  but  was  not  supported  upon  underdraining 
material.  In  the  remaining  filter  (F)  the  crushed  stone  layer 
was  22  inches  in  depth,  resting  upon  38  inches  of  very  coarse 
material,  ranging  in  size  from  10  inch  field  stones  at  the  bottom 
to  1  inch  gravel  at  the  top. 

The  filtering  material  was  substantially  free  from  dust  and 
fine  particles  in  all  but  Sprinkling  Filter  E.  When  this  filter 
was  inspected  in  April,  1905,  it  was  found  that  considerable  clay 
had  become  mixed  with  the  filtering  material  when  the  filter  was 
constructed. 
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Size  of  Filtenng  Material.  The  size  of  the  filtering  material 
comprising  the  six  filters  was  substantially  thq  same  in  each  case, 
the  particles  ranging  in  size  from  0.5  inch  to  2  inches.  In  oncof 
the  filters  (B)  the  particles  ran  slightly  finer,  the  range  being 
from  0.5  inch  to  1.75  inches. 

Initial  Voids,  When  each  filter  was  first  started  the  per 
cent,  of  voids  therein  was  carefully  determined.  The  results 
follow : 

Initial  Voids  in  Sprinkling  Filters. 

Filter  Per  Cent,  of  Voids 

A  \ 43.1 

B   42.0 

C  : 43.0 

D  ' 42.8 

E  42.0 

F  47.2 

general  plan  of  operation. 

During  the  tests  the  effluent  of  the  grit  chamber,  plain 
settling  tank  and  septic  tanks,  respectively,  were  applied  to  the 
sprinkling  filters.  Filter  A  received  the  grit  chamber  sewage 
throughout  the  tests.  Filter  B  received  grit  chamber  sewage 
until  April  22,  1905,  and  septic  sewage  thereafter.  Filter  C  was 
supplied  with  plain  settled  sewage  until  December  24,  1904,  and 
after  that  date  septic  sewage.  Filter  D  received  plain  settled 
sewage  until  April  22,  1905,  and  septic  sewage  from  that  date  on. 
Filter  E  received  plain  settled  sewage.  Filter  F  was  supplied 
with  septic  sewage. 

Distribution.  Various  devices  were  tested  for  the  distribu- 
tion of  the  sewage  over  the  surfaces  of  the  sprinkling  filters,  all 
of  which,  however,  were  stationary.  Rotary  or  other  moving 
distributors  were  not  studied  for  the  reason  that  such  appliances 
appeared  to  be  hardly  applicable  to  local  conditions.  Open 
troughs  were  tried  as  well  as  grids  of  perforated  iron  pipe,  but 
after  about  ten  weeks'  trial  both  were  abandoned  in  favor  of 
sprinkling  nozzles  in  all  but  one  instance. 
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Open  Troughs.  From  August  16  to  November  4,  1904,  in- 
clusive, the  sewage  was  applied  to  Sprinkliiig  Filter  A  through 
a  series  o^  half-round,  galvanized  iron  troughs,  in  which  there 
were  44  points  of  discharge  evenly  distributed  over  the  surface. 
The  distribution  was  very  unsatisfactory  on  the  whole.  The 
chief  difficulty  lay  in  maintaining  an  equal  discharge  at  each  of 
the  44  points,  which  in  turn  required  that  the  troughs  all  be  laid 
and  kept  in  the  same  horizontal  plane.  A  slight  settlement  on 
the  part  of  the  filtering  material  would  throw  the  troughs  out 
of  adjustment,  and  the  sewage  would  then  be  discharged  in 
greater  volume  at  certain  points  than  at  others.  Growths  oc- 
curred in  the  troughs,  and  suspended  matter  rapidly  accumu- 
lated therein,  requiring  attention  several  times  each  day  to  keep 
them  in  good  working  order.  Only  about  5  per  cent,  of  the  sur- 
face of  the  filter  was  wetted  by  this  form  of  distributor.  In 
the  winter  months  there  is  no  doubt  but  that  special  effort  would 
have  to  be  made  to  prevent  freezing  on  the  part  of  such  a  dis- 
tributor. 

Grids  of  Perforated  Iron  Pipe,  Prior  to  November  4,  1904, 
sewage  was  applied  to  all  of  the  sprinkling  filters,  except  A, 
through  grids  oi  perforated  cast  iron  pipe  1  inch  in  diameter, 
'ine  perforations  were  0.25  inch  pet-cocks,  located  so  as  to  dis- 
charge upon  equal  areas  over  the  entire  filter  surface  of  43.589 
feet.  The  distribution  was  very  poor  at  times  owing  to  the 
clogging  at  the  points  of  discharge.  Under  existing  conditions 
(0.5  foot  of  head  was  used)  the  velocities  were  low  and  there 
was  a  deposition  of  suspended  matter  in  the  pipes  and  a  con- 
sequent frequent  stoppage,  partial  or  total,  of  the  comparatively 
small  orifices.  These  features,  taken  in  conjunction  with  pre- 
cautions necessary  to  prevent  freezing  during  cold  weather,  in- 
dicate this  method  of  distribution  to  be  impracticable  for  use  on 
a  large  or  small  scale.  While  in  the  grids  used  at  this  station  in 
the  0.001-acre  filters  there  were  14  points  of  discharge,  corre- 
sponding to  14,000  per  acre,  yet  the  surface  area  wetted  by  the 
applied  sewage  did  not  amount  to  over  5  per  cent.  Thus  they 
were  not  superior  to  open  troughs  in  this  regard. 

Sprinkling  Nozzles.  During  the  greater  part  of  the  tests 
sewage  was  applied  to  the  sprinkling  filters  through  the  sprink- 
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ling  nozzles  described  in  Chapter  II.  of  this  report  (see  also 
Plate  VII. ) .  These  nozzles  were  operated  under  a  head  of  about 
4  feet,  under  which  conditions  satisfactory  distribution  was 
obtained.  The  discharge  of  the  nozzle  was  in  the  form  of  an 
umbrella-shaped  spray  carrying  the  sewage  to  a  height  of  about 
1.5  feet,  where  it  broke  into  fine  drops,  which  f6ll  as  rain  over 
the  surface  of  the  filter.  On  an  average  the  area  wetted  by 
this  form  of  spray  amounted  to  about  70  per  cent,  of  the  total 
filtering  area.  Under  4  feet  of  head  each  of  these  nozzles  covered 
satisfactorily  an  area  of  43.5  square  feet.  From  a  practical 
standpoint,  the  nozzle  is  open  to  serious  objection,  however,  in 
that  the  size  of  the  orifices  is  so  small  that  clogging  is  a  serious 
factor,  requiring  individual  attention  once  or  twice  a  day.  An 
improved  nozzle  was  tested  in  August,  1905,  under  the  general 
direction  of  Mr.  Gregory.  It  is  much  superior  for  use  on  a  large 
scale  to  the  one  used  regularly  at  this  station  during  the  tests, 
in  that  with  a  head  of  3  to  5  feet,  and  with  a  maximum  radial 
reach  of  spray  of  from  7.0  to  7.5  feet,  about  77  per  cent,  of  the 
area  tributary  to  each  nozzle  is  covered  in  a  perfectly  satisfactory 
manner.  Further,  the  discharge  orifice  is  9-16  inch  in  diameter, 
and  experience  in  testing  it  with  sewage  containing  much  sedi- 
ment shows  that  it  will  not  clog  under  any  ordinary  conditions 
of  operation. 

Bates  of  Treatment,  In  order  to  obtain  information  regard- 
ing the  efficiency  of  the  filters  when  operated  at  high  and  low 
rates,  respectively,  and  to  test  the  filters  under  conditions  of  in- 
termittent and  continuous  operation,  the  rates  of  treatment 
were,  of  course,  subject  to  considerable  variation  from  time  to 
time,  especially  during  the  first  half  of  the  tests.  In- general 
terms,  the  rates  of  treatment  in  the  filters  ranged  from  0.39  to 
5.27  million  gallons  per  acre  daily.  The  results  obtained  under 
these  several  conditions  are  fully  discussed  in  subsequent  portions 
of  this  chapter. 

Sampling  Schedule,  To  determine  the  efficiency  of  the 
sprinkling  filters  samples  of  the  infiuents  and  effluents  of  the 
several  filters  were  systematically  collected  at  weekly  intervals. 
The  samples  for  chemical  analysis  consisted  in  each  case  of  24 
portions  collected  at  hourly  intervals  throughout  the  day.  These 
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portions  were  collected  in  4-ounce  bottles,  which  were  completely 
filled,  tightly  stoppered  and  placed  on  ice.  The  24  portions  were 
mixed  for  analysis. 

Bacterial  samples  of  the  influents  and  efiBuents  were  col- 
lected for  analysis  at  7 :00  A.  M.,  11 :00  A.  M.  and  4 :00  P.  M., 
each  sample  being  plated  as  soon  as  collected.  The  results  of  the 
analysis  of  the  three  samples  were  averaged  to  give  a  representa- 
tive mean. 

The  constituents  determined  were  the  same  as  in  the  case 
of  the  contact  filter  effluents,  including  putrescibility  (see  p.  232 
and  Appendix  II.). 

RESULTS    ACCOMPLISHED    BY    SPRINKLING    FILTERS. 

In  the  appendices  detailed  analytical  data  will  be  found 
relating  to  the  efficiency  of  the  sprinkling  filters  in  the  treatment 
of  the  local  sewage.  For  practical  purposes,  however,  the  fol- 
lowing monthly  summaries  of  the  results  of  analyses  of  the  in- 
fluents and  effluents  of  the  several  filters  will  serve  to  give  a 
comprehensive  idea  of  the  salient  features  in  this  regard. 

In  connection  with  these  results  it  may  be  well  at  this  place 
to  point  out  again  that  sewage  was  applied  to  Filter  A  by 
means  of  open  troughs  or  grids  of  perforated  iron  pipe  through- 
out the  tests.  These  forms  of  distribution  were  never  satis- 
factory, and  the  comparatively  poor  results  obtained  from  this 
filter  are  directly  attributable  to  this  cause.  In  the  case  of 
Sprinkling  Filter  E  the  lack  of  underdrains  doubtless  had  much 
to  do  with  the  indifferently  good  results  obtained. 
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Results  of  Chemical  and  Bacterial  Analyses  of  Influent  of 
Sprinkling  Filters. 


Note:  SptinklinKFilterCrcceWcdibeefflueat  of  Plain  Seullus  Taok  i 
December  a<i  Septic  Tank  C  Ibereafler. 

Sprinkling  Filiec  D  received  the  effluent  of  Plain  Settling  Tank  i 
Aptll  22:  Septic  Tank  C  tliereafler. 
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Results  of  Chemical  and  Bacterial  Analyses  of  Effluent  of 

Sprinkling  Filters.' 
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Results  of  Chemical  and  Bacterial  Analyses  o/  Influent  of 

Sprinkling  Filters, 
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Note:    Sprinkling- Filter  £  received  the  effluent  of  Plain  Settling  Tank  A  until 
April  26;  Septic  Tank  A  thereafter. 

Sprinkling   Filter   F    received   the  effluent  of  Plain  Settling  Tank  C. 
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Results  of  Chemical  and  Bacterial  Analyses  of  Effluent  of 
Sprinkling  Filters. 
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Degree  of  Purification,  In  the  following  tables  there  are 
presented  summarized  results  expressed  as  percentages  of  re- 
moval of  the  several  constituents  of  the  applied  sewage  and  of 
the  raw  (screened)  sewage,  respectively,  showing  the  efficiency 
of  the  several  sprinkling  filters. 
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Percentage  Removal  by  Sprinkling  Filters  of  the  Several 
Constituents  of  the  Applied  Sewage, 


Daily 

Net 
Rate 

OF 

Treat- 
ment 

Million 
Gallons 

PER 

Acre 

1 

s2 

0  < 
00 

P4  < 
§« 

i< 

AH 
SB 
pH. 

Z  ^ 

^^ 

O    M 

H 

72 
120 
96 
72 
% 
72 
72 
96 

696 

48 
120 
96 
96 
% 
72 
72 
% 
% 
96 
72 

960 

% 
% 
96 
96 
96 
72 
72 
% 
80 
48 
48 

8% 

0 

< 
X 

m 
>. 
< 

o 

X 

u 
m 

S« 
S« 

^t 
^S 
t< 

3 
5 
4 
3 
4 
3 
3 
4 

29 

2 
5 
4 
4 
4 
3 
3 
4 
4 
4 
3 

40 

4 
4 
4 
4 
4 
3 
3 
4 
4 
3 
3 

40 

Percentage 
Removed 

Month  1904-5 

Q 
H 

D 
CA 

0 

u 

z 

H 

r- 

o 

51 
41 
40 
43 
20 
20 
40 
-15 

28 

57 
18 
59 
50 
39 
17 
42 
28 
35 
23 
23 

40 

Nitro- 
gen AS 

Suspended 
Matter 

• 

y 

"5 

O 

55 
55 
43 
35 
17 
13 
41 
-45 

26 

62 
46 
59 
49 

-12 
-7 
44 
31 
12 
43 

-17 

30 

ti 

c 
4>  2 

£B 
fog 

27 
29 
28 
25 
-3 
29 
22 
15 

20 

45 
55 
59 
24 
19 
25 
17 
17 
40 
40 
61 

36 

ti 
o 

36 
76 
14 
36 
5 

76 

64 

-113 

17 

0 

18 

49 

63 

54 

-19 

27 

37 

14 

-16 

-33 

26 

o 
> 

51 
83 
31 
52 
17 
75 
75 
-29 

42 

0 

72 
65 
66 
66 
40 
43 
22 
40 
-10 
-135 

42 

S 

a; 

a 

-120 

71 

4 

11 

0 

79 

44 

-181 

-10 

0 

-18 

40 

58 

49 

-115 

0 

49 

-3 

-18 

-15 

15 

< 

M 

OS 
H 

H 
O 

< 

Sprinkling  FIHw  A 

AUfiTUSt 

1.69 
1  98 
1.93 
1.49 
1.36 
0.75 
0.76 
0.80 

1.33 

0.91 
0.99 
0.98 
2.60 
2.66 
1.90 
1.98 
2.04 
1.82 
2.11 
1.89 

1.85 

0.91 
0.82 
0.% 
2.58 
2.66 
1.99 
1.87 
1.% 
1.77 
1.70 
1.94 

1.78 

56 

September 

October 

74 
86 

November 

76 

December 

31 

January 

February 

68 

33 

March 

34 

Totals  and  Averages. 

Sprinkling  Fllfr  B 

August 

74 
78 

September 

84 

October 

73 

November 

72 

December 

47 

Jan  uary 

25 

February. ...    

March 

13 
-14 

April 

69 

May 

85 

>/  ••••••• 

June 

53 

Totals  and  Averages. 

Sprinkling  Filter  C 

August 

September 

70 

47 
56 
63 
SO 
38 
47 
23 
54 
60 
49 

51 

42. 
50 
22 
26 
38 
31 
41 
61 
52 
31 

41 

59 
75 
27 
35 
40 
34 
27 
45 
67 
64 

46 

41 

31 

69 

2 

-15 

-13 

1 

76 

58 

-2 

30 

72 
75 
88 
27 
52 
62 
63 
88 
62 
-39 

61 

-24 

-31 

51 

-12 

-188 

-188 

-73 

68 

57 

5 

9 

68 

October 

% 

November 

83 

December 

79 

January 

55 

February  

March 

April 

May 

June 

48 
20 
78 
91 
43 

Totals  and  Averages. 
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Percentage  Removal  by  Sprinkling  Filters  of  the  Several 
Constituents  of  the  Applied  Sewage. 


Month  1904-5 


Sprinkling  Filter  O 

August 

September. 

October 

November 

December 

January , . 

February 

March 

April 

May 

June 

Totals  and  Averages. 

Sprinkling  Filter  £ 

October 

November 

December 

January 

February 

March 

April 

May 

June 

Totals  and  Averages. 

Sprinkling  Filter  F 

February. 

March  

April 

May 

June 

Totals  and  Averages. 


Daily 

Nbt 
Rate 

OF 

Treat- 
ment 

Million 
Gallons 

PER 

Acre 


1.82 
1.63 
1.92 
3  70 
3.86 
1.8^ 
1.89 
2.08 
2.33 
2.06 
1.45 

2  27 

2.33 
2.16 
1.72 
1.15 
1.20 
1.31 
0.85 
1.82 
1.50 

1.51 

2.53 
2.08 
2.13 
2.22 
2.60 

2.28 


<  CO 

23 

(A  Pi 

X  H 

o  o 

^< 

«  H 
ZS 

<  o 


O 

< 

H 
> 

O 

as 

n 

ssS 


Percentage 
Removed 


• 

% 

4 

96 

4 

96 

4 

% 

4 

96 

4 

72 

3 

72 

3 

96 

4 

% 

4 

72 

3 

48 

2 

936 

39 

24 

1 

96 

4 

56 

4 

72 

3 

72 

3 

96 

4 

48 

2 

16 

4 

16 

4 

496 

29 

72 

3 

% 

4 

% 

4 

72 

3 

72 

3 

408 

17 

Q 

a 
p 

(A 

z 
o 
u 

z 

H 

c 

o 


66 
56 
49 
15 
41 
53 
42 
39 
56 
38 

43 

49 
46 

35 
47 
32 
27 
32 
50 
51 

42 


24 
23 
50 
27 
33 

32 


Nitro- 

gen as 

o 

c 

(4 

O 

Free 

Ammonia 

32 

54 

56 

63 

28 

14 

-3 

27 

45 

33 

44 

30 

47 

5.S 

23 

43 

61 

75 

17 

62 

36 

42 

33 

9 

42 

7 

24 

14 

56 

19 

16 

17 

32 

16 

3 

34 

45 

47 

35 

39 

33 

20 

-6 

6 

44 

4 

6 

17 

23 

19 

13 

40 

21 

15 

Suspended 
Matter 


o 


-108 
60 
40 
-8 
29 
55 
74 
34 
49 

-31 

16 

95 
52 
54 
73 
53 
74 
-55 
74 
66 

56 

21 
59 
59 
-71 
23 

15 


o 


19 
64 
62 

20 
73 
77 
67 
68 
84 
-117 

41 


99 

S3 
54 
78 
57 
74 
38 
83 
33 

61 

11 
56 

77 
-34 
43 

34 


s 


-367 

54 

20 

-23 

-21 

81 

81 

15 

34 

-18 

-2 

99 
51 
53 
67 
47 
74 
-157 
71 
70 

51 

40 
64 
48 
-84 
19 


H 

H 

•< 

n 


71 
95 
80 
63 
76 
63 
76 
78 
77 
60 

72 

88 
54 
23 
58 
47 
67 
46 
31 
40 

46 


9 

13 

46 

-11 

22 

21 
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Percentage    of    Removal    Referred    to    Crude    Sewage, 

Combined  Efficiency  of  the  Preparatory  Processes 

and  the  Sprinkling  Filters. 


1^  xn 

Nitrogen 

Suspended 

c 

55 

Period  1904-5 

jH  to 

o  o 

Oxygen  Con- 
sumed 

AS 

Matter 

(d 

o 

Free 
Ammonia 

a 

O 

35 

o 

> 

52 

(d 

Wi 

19 

< 

M 
W 

O 

CQ 

A 

Aug-.  16  to  Apr.  1.. . 

29 

36 

35 

24 

77 

B 

Aug.  16  to  June  30. 

40 

54 

44 

41 

51 

57 

48 

80 

C 

Aug.  16  to  June  30. 

40 

66 

61 

47 

74 

83 

68 

73 

D 

Aug.  16  to  June  30. 

39 

63 

58 

42 

70 

77 

66 

73 

E 

Oct.  19  to  June  30. . 

29 

58 

55 

18 

87 

86 

87 

30 

F 

Feb.  7  to  June  30. . . 

17 

50 

41 

17 

64 

71 

70 

38 

Putrescibility  of  Effluents.  As  a  general  rule  the  filters  to 
which  sewage  was  applied  through  sprinkling  nozzles  yielded 
non-putrescible  effluents.  As  will  be  brought  out  subsequently 
the  efficiency  of  sprinkling  filters  in  a  large  measure  depends 
upon  the  thoroughness  of  the  distribution  of  the  influent  and 
upon  the  rates  of  treatment.  In  the  majority  of  cases  where 
putrescible  effluents  were  obtained  such  conditions  were  attribut- 
able to  one  or  both  of  these  factors.  Sprinkling  Filter  A  yielded 
a  putrescible  effluent  a  large  part  of  the  time,  but  the  reason  lay 
in  the  poor  condition  of  the  filter  due  to  poor  distribution,  as  will 
be  discussed  later.  Excepting  a,  few  days  at  the  start  the  only 
time  during  the  tests,  when  Filter  D  yielded  a  putrescible 
effluent  was  in  November  and  December,  when  the  rates  of 
treatment  were  prohibitively  high. 

Illustrative  of  the  putrescibility  of  the  effluents  of  the 
sprinkling  filters  during  the  period  of  these  tests  the  following 
table  of  results  is  presented  in  which  the  numbers  under  columns 
headed  **-|-,''  **  T'  and  **0,"  refer  to  the  number  of  putrescible, 
questionably  putrescible  and  non-putrescible  samples,  respec- 
tively (see  also  p.  232). 
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Summary  of  PutresctbUity  Tests  of  Effluents. 


Month  f'W*'" " 

1904^5  I  Yield* 

August  1.823 

September ,  1,629 

October 1.924 

November 3.697 

December 3  863 

January 1.808 

February 1.894 

March 2.075 

April 2.331 

May 2.060 

June      1.449 


Tola! 


nd  Avt 


age 


2,271 


■e  Daily  N«  Yield  o 


Yield*     +    7    0 


2,S25 
2.077 
2,128 
2,220 
2.600 


Suspended  Matter.  The  effluents  of  the  sprinkling  filters 
normally  contained  considerable  quantities  of  suspended  matter 
of  a  comparatively  coarse  nature,  and  consisted  in  a  large 
measure  of  films  of  suspended  matter  which  peeled  off  from  the 
particles  of  filtering  material.  This  coarse  matter  gave  the 
effluents  quite  an  unsightly  appearance.  In  general  this  de- 
tached matter  was  relatively  stable,  but  there  were  times  when 
unstable  suspended  matter  was  washed  from  the  filters  in  com- 
paratively large  quantities,  particularly  when  the  rates  of  treat- 
ment were  abnormally  high,  or  during  rainstorms.  While  the 
effluent,  per  sc,  at  such  times  was  non-putrescible,  the  presence 
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therein  of  this  somewhat  unstable  suspended  matter  in  some  in- 
stances caused  the  samples  tested  to  putrefy.  By  allowing  such 
effluents  to  stand  for  a  short  period  and  decanting  the  clear 
supernatant  liquid,  they  successfully  passed  the  incubator  test. 

An  idea  may  be  had  from  the  following  table  regarding  the 
range  in  suspended  matter  in  the  effluents  of  the  sprinkling 
filters.  Attention  is  especially  called  to  the  maximum  quantities 
which  are  in  line  with  the  comments  just  made  and  with  the 
negative  percentages  of  removal  noted  during  some  months  in 
the  tables  on  pp.  291  and  292. 

The  retention  and  irregular  unloading  of  suspended  matter 
is  such  an  important  feature  of  these  filters,  as  explained  in  the 
introduction  to  this  chapter,  that  it  is  urgent  for  a  clear  under- 
standing to  compare  these  results  with  those  for  contact  filters 
(p.  241),  and  to  note  the  statements  beyond  under  ** Clogging'' 
regarding  the  influence  of  irregular  distribution  of  influents  and 
clogging  of  underdrains  upon  the  removal  of  suspended  matters. 

With  a  well-built  and  well-operated  sprinkling  filter  there 
is  as  an  average  result  for  a  long  period  merely  a  nominal  re- 
moval of  suspended  matter.  It  is  less  than  analytical  data  indi- 
cate, because  sampling  does  not  adequately  show  the  unloading 
of  suspended  matter  during  rains  or  just  after  resting.  The 
unloading  is  capable  of  control  to  a  large  degree  by  adjusting  the 
periods  of  rest,  and  by  applying  the  sewage  now  and  then  at  high 
rates  for  short  periods. 

Suspended  Matter  in  the  Effluents  of  Sprinkling  Filters, 

(Parts  per  Million) 


Sprin- 

Number 

Suspended  Matter 

Average 

OF 

Samples 

Per  cent. 

KLING 

Filter 

Examined 

Maximum 

Minimum 

Average 

Removed 

A 

29 

530 

2 

125 

17 

B 

40 

316 

26 

105 

26 

C 

40 

238 

2 

57 

30 

D 

39 

336 

2 

64 

16 

E 

29 

152 

4 

28 

56 

F 

17 

312 

14 

77 

15 
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Dissolved  Oxygen  in  Effluents.  The  amount  of  dissolved 
oxygen  contained  in  the  effluent  of  a  sprinkling  filter  depends  in 
a  large  measure  upon  the  method  and  uniformity  of  distribution 
of  the  sewage  over  the  surface  of  the  filter,  the  size  and  depth 
of  the  filtering  material  and  the  adequateness  of  the  underdrains 
to  carry  off  the  effluent  and  detached  films  promptly.  The  fol- 
lowing table  shows  the  monthly  average  amounts  of  dissolved 
oxygen  which  the  effluents  of  the  several  filters  contained.  It 
will  be  noted  that  the  results  are  much  higher  than  those  in  the 
effluents  of  contact  filters  (p.  245).  This  is  partly  due  to  the 
more  rapid  passage  of  sewage  through  sprinkling  filters  (about 
3  minutes)  as  compared  with  contact  filters,  and  partly  to  the 
fact  that  an  influent  coming  from  sprinkling  nozzles  is  about  80 
per  cent,  saturated  with  oxygen  when  it  enters  the  filter.  The 
second  table  beyond  contains  the  amounts  of  dissolved  oxygen  in 
these  effluents  expressed  in  per  cent,  of  that  necessary  for  satu- 
ration at  the  actual  temperatures. 


Dissolved  Oxygen  in  Sprinkling  Filter  Effluents. 

(Parts  per  Million) 


Month 

SPRINKI.ING  F11.TER 

1904  5 

A. 

B. 

C. 

D. 

E. 

F. 

Aucfust 

0.0 
0.3 
0.1 
1.8 
4.7 
4.2 
4.8 
6.4 

•   •   ■   • 

4.1 
4.5 
4.4 
3.6 
5.4 
6.1 
6.3 
4.6 
4.5 
3.5 

•   •   • 

4.4 
4  9 
5.7 
4.5 
5.2 
5.6 
4  3 
5.6 
6.3 
5.0 

1.4 
4.6 
3.4 
3.6 
3.0 
5.1 
6.7 
5.8 
4.1 
3.9 
3.3 

•  •  •  • 

•  •    •   • 

2.2 
2.9 
3.8 
6.6 
6.1 
4.5 
3.2 

•  •  •   • 

•  ■   •    ■ 

September 

•    •    •    • 

October 

November 

•  •   •  • 

December 

January 

February 

8.0 

March 

April 

7.3 
5.1 

May 

■    •   ■   • 

5.7 

June  

4.8 

Averag"e 

2.9 

4.7 

5.0 

4.6 

3.4 

6.2 

k 
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Per  Cent,  Saturation  of  Dissolved  Oxygen  in 
Sprinkling  Filter  Effluents 


Month 
1904-5 


August... . 
September 
October . . . 
November 
December. 
January  . . 
February.. 
March    . . . 

April 

May 

June 

Average 


Sprinkling  Fii^ter 


A 

B 

C 

D 

E 

0 

•  •  •  • 

15 

•  •  •  « 

3 

46 

47 

51 

•  •  •  • 

1 

47 

52 

35 

22 

17 

43 

47 

34 

27 

41 

31 

39 

26 

33 

37 

48 

43 

42 

52 

55 

50 

45 

53 

48 

55 

54 

38 

SO 

40 

•  •  •  • 

44 

54 

40^ 

31 

•  •  •  • 

47 

64 

40 

•  •  •  • 

•  •  •  « 

38 

55 

37 

•  •  •  • 

30 

45 

48 

38 

36 

66 
65 

50 
58 
52 

58 


Odor.  While  a  slight  odor  was  noted  immediately  around 
the  sprinkling  filters  during  periods  of  extremely  warm  weather, 
no  offensive  odor  could  be  detected  at  a  distance  of  50  feet.  Such 
odors  as  were  noted  were  most  pronounced  about  those  filters 
receiving  septic  sewage.  As  the  units  increase  in  number  it  is 
to  be  expected  that  odors  will  be  noticeable  for  a  greater  distance, 
but  evidence  from  the  large  sprinkling  filters  abroad  indicates 
strongly  that  odors  from  large  areas  over  which  septic  sewage 
is  sprayed  are  not  perceptible  at  a  distance  of  one-quarter  of  a 
mile.  In  this  connection  it  is  to  be  borne  in  mind  that  the  likeli- 
hood of  odors  from  a  large  sprinkling  filter  plant  at  Columbus 
treating  septic  sewage  is  far  less  than  at  such  plants  abroad,  be- 
cause the  sewage  is  far  more  dilute,  thus  permitting  the  septic 
period  to  be  only  about  one-third  as  long  as  in  most  cases  abroad. 
This  means  a  great  deal  in  preventing  odors.  Further,  there  are 
no  manufacturing  wastes  here  to  give  trouble  from  odors. 

Bacterial  Efficiency,  In  the  following  table  there  are  shown 
the  average  efficiencies  of  the  several  sprinkling  filters  in  the 
removal' of  bacteria: 


X 


s 


♦. 


^jy 


>>.'.:<.  }h::.\^ 


*i 


rf 


'  j'Wj^fcr  T  jtrr 
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Average  Bacterial  Efficiency  of  Sprinkling  Filters, 


» 

Number  of 

dupwcate 

Sampi.es 

Averaged 

Raw 

Sewage 

Bacteria  Per 
Cubic  Centimeter 

PEft 

Cent. 
Remov- 
ed 

w 

fa 

Influent 

Effluent 

Influent 

Effluent 

By 
Filt- 
ers 

«-4 

o 

A 
B 
C 
D 
E 
F 

28 
37 
32 
33 
29 
16 

25 
38 
36 
37 
.  29 
17 

3,900,roo 
3,800,000 
3,700,000 
4,100,000 
2,700,000 
2,100,000 

3,500,000 
2,500,000 
3,300,000 
3,600,000 
3,500,000 
1,900,000 

900,000 
750,000 
1,000,000 
1,100,000 
1,900,000 
1,500.000 

74 
70 
70 
69 
46 
21 

77 
80 
73 
73 
30 
38 

In  regard  to  the  above  data  it  will  be  noticed  at  once  that 
the  sprinkling  filters  removed  in  round  numbers  about  two- 
thirds  of  the  bacteria  in  the  sewage  applied  to  them.  The  re- 
moval was  less  in  the  case  of  Filter  E  because  of  clogging  at  the 
bottom  of  inadequate  underdrains,  where  bacterial  growths  no 
doubt  occurred.  Filter  F  showed  a  low  removal,  largely  due  to 
the  shallow  layer  (22  inches)  of  coarse  filtering  material.  It 
appears  quite  evident  with  these  coarse-grain  filters  that  the  re- 
moval of  bacteria  increases  with  the  depth  of  material. 

In  comparing  the  bacterial  removal  by  the  filters  alone  with 
that  by  the  filters  and  the  preparatory  treatment  together,  it  will 
be  seen  that  while  the  results  vary  considerably,  they  are  quite 
similar  on  the  whole.  This  is  due,  of  course,  to  bacterial  growths 
occurring  within  the  preparatory  devices,  as  has  been  mentioned 
at  some  length  in  Chapter  III.  Much  attention  has  been  given 
as  to  what  is  a  fair  statement  of  the  average  removal  of  bacteria 
by  septic  tanks  or  settling  basins  followed  by  sprinkling  filters, 
substantially  as  operated  at  this  station.  The  conclusion  is  that, 
while  bacterial  growths  occur  in  the  preparatory  devic.es,  there 
will  remain  only  about  one-third  of  the  bacteria  of  the  raw 
sewage  after  it  has  received  the  preparatory  treatment  and  has 
reached  the  sprinkling  filter.  Here  the  data  indicate  that  about 
two- thirds  of  the  remaining  bacteria  will  be  removed.  On  this 
basis  of  reasoning,  the  removal  of  bacteria  by  sprinkling  filters, 
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disregarding  growths  of  bacteria,  will  be  nearly  90  per  cent. 
Considering  the  removal  of  bacteria  in  the  effluent  of  the  sprink- 
ling filter  by  deposition  in  shallow  settling  basins  as  discussed 
beyond,  it  is  a  conservative  statement  to  say  that  the  method 
herein  described  will  show  an  approximate  bacterial  removal  on 
an  average  of  fully  90  per  cent.  By  increasing  the  depth  of 
filtering  material  this  removal  can  be  increased  as  noted  at 
Lawrence. 

Removal  of  B.  Coli  Communis,  The  results  of  analysis  for 
the  numbers  of  B.  coli  of  four  samples  of  the  influents  and 
effluents  of  certain  sprinkling  filters  indicated  that  these  organ- 
isms are  somewhat  more  thoroughly  removed  than  is  the  case  of 
the  total  numbers  of  bacteria.  While  the  removal  of  the  latter 
amounts  to  65  per  cent.,  the  removal  of  B.  coli  was  88  per  cent, 
(data  referred  to  the  applied  sewage). 

Average  Removal  of  B,  Coli  by  Sprinkling  Filters. 


Bactkria  per  Cubic  Centimeter 


Per  Cent. 

Total  Numbers 

B.   COLI. 

Removed 

Influent 

Effluent 

Influent 

Effluent 

Total 

B.  coli 

3,400,000 

1,200,000 

300,000 

35,000 

65 

88 

COPPER    TREATMENT    OF    EFFLUENTS. 


Considerable  information  was  obtained  during  these  tests 
regarding  the  feasibility  of  applying  copper  sulphate  to  the 
effluents  of  sprinkling  filters  as  a  means  whereby  there  could  be 
obtained  from  these  coarse-grain  filters  operated  at  high  rates, 
an  effluent  equal  bacterially  to  that  produced  by  filters  of  fine 
grain  material  operated  at  low  rates.  The  results  of  this  study 
showed  that  copper  sulphate  could  be  advantageously  used  in 
this  connection  and  that  its  germicidal  action  would  continue 
uninterruptedly  for  twenty-four  hours  when  used  in  the  propor- 
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tion  of  1  to  1,000.  Somewhat  lower  concentrations  than  this 
sufficed  to  effect  a  material  reduction  in  the  numbers  of  the 
bacteria,  but  were  not  sufficient  to  prevent  them  from  increasing 
after  a  period  of  contact  of  about  six  hours.  To  prevent  the 
subsequent  development  of  the  bacteria  the  quantity  of  chemical 
must  apparently  be  added  in  excess  of  1  to  10,000. 

Details  of  these  experiments,  together  with  certain  features 
such  as  methods  for  the  determination  of  the  longevity  of  the 
typhoid  bacillus  in  water  and  sewage  and  the  effect  of  temper- 
ature, organic  matter  and  dissolved  carbonates  upon  the  germi- 
cidal action  of  copper  sulphate,  are  fully  discussed  in  Appen- 
dix X. 

SPECIAL  FEATURES  OF  OPERATION. 

Before,  proceeding  with  a  discussion  of  various  special 
features  of  these  filters  it  will  be  well  to  record  in  summarized 
form  data  as  to  their  operation  and  rest.  The  cycles  cover  in 
each  case  the  period  from  the  commencement  of  operations 
through  the  period  of  rest  to  the  time  operations  were  again 
resumed.  They  show  the  manner  and  degree  of  intermittency  as 
well  as  the  rates  of  filtration  for  the  several  periods. 
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Leading  Data  Regarding  the  Operation  of  Sprinkling 

Filters, 


Period  — 1904-S 


No. 


Dates 


Sprinkling  Filtnr  A 

1  Augr.  14§toSept.9 

2  Sept.  9f  to  Nov.  8. 

3  Nov.  8f  to  Dec.  7. 

4  Dec.  7t  to  Dec.  16. 

5  Dec.  16f  to  Jan.  1. 

6  Jan.  If  to  Mar.  31. 

Totals  and  avgs. 
Sprinkiing  Fiiter  B 


1 

2 
3 
4 
5 


Aug.  I6f  to  Nov.  £ 
Nov.  6*  to  Dec.  7. . 
Dec.  7  to  Jan.  1. . 
Jan.  1  to  Apr.  22. 
Apr.  22  to  June  25 

Totals  and  avgs. 


Sprinkling  Filter  C 


1 
2 
3 
4 
5 
6 
7 


Aug.  I7f  to  Nov.  4 
Nov.  3*  to  Dec  7. 
Dec.  7  to  Dec.  24. 
Dec.  24  to  June  1. 
Jan.  1  to  Apr.  22. 
Apr.  22  to  Apr.  25. 
Apr.  25  to  June  24. 

Totals  and  avgs. 


Sprinkling  Filter  0 


1 

2 
3 
4 

5 


Aug.  I7f  to  Nov.  4 
Nov.  5*  to  Dec.  7. 
Dec.  7  to  Jan.  1. . 
Jan.  1  to  Apr.  22. 
Apr.  22to  June25. 


Totals  and  avgs. 
Sprinkling  Filter  £ 


1 

2 
3 
4 
5 
6 
7 


Oct.  19*  to  Nov.  4- 
Nov.  5  to  Dec.  7. . 
Dec.  7  to  Dec.  17. 
Dec.  17  to  Jan.  1. 
Jan.  1  to  Apr.  1. . 
Apr.  1  to  Apr.  26. 
Apr.  26  to  June  26. 


Totals  and  avgs, 

Sprinkling  Filter  F 


1 
2 


Feb.  7*  to  Apr.  22. 
Apr.  22  to  June  25 

Totals  and  avgs. 


Out  of  Service 
(Days)*** 


Nov.  1  to  8 


Dec.  12  to  16 


10 


Nov.  4. 


Sep.  8-11,  Nov.  1-4 


Apr.  17  to  Apr.  22 


May  23  to  May  29. 
19 

Sep.  8-11,  Nov.  1-4 


8 


xn 

<  o 

^   M 


April  16  to  26 


10 


May  23  to  29. 

7 


27 
60 
29 
9 
15 
90 

230 


81 
32 
24 
112 
64 

313 


79 
33 
17 

7 
112 

3 
60 

311 


79 
33 
24 
112 
64 

312 


16 
33 
10 
14 
90 
25 
62 

250 


74 
64 

138 


Average 
Daily  Net 
Yield  for 

Period. 

Gallons 
PER  Acre 


1,790,000 
1,690,000 
2,000,000 

800,000 
1,430,000 

770.000 

1,330,000 


960,000 
3,010,000 
2,510,000 
1,920,000 
2,020,000 

1,850,000 


860,000 
3,000,000 
2,480,000 
2,590,000 
1,840,000 
2,650,000 
1,870,000 

1,780,000 

1,720,000 
4,380,000 
3,560,000 
1,910,000 
2,000,000 

2,270,000 

2.270,000 
2,170,000 
1,620,000 
1,550,000 
1,220.000 
800,000 
1,620,000 

1,510,000 

2,100,000 
2,500,000 

2,280,000 


Division  of 
Cycles 


Opera- 
tion 


7  hrs. 

5  hrs. 

5  hrs. 

72  hrs. 


7  hrs. 
5  hrs. 

8  days 


7  hrs. 
5  hrs. 
5  hrs. 

8  days 

16  hrs. 


7  hr». 

5  hrs. 
8  days 
8  days 


7  hrs. 

5  hrs. 
72  hrs. 
8  days 


8  days 


Rest 


0 

0 

1  hr. 

3  hrs. 

3  hrs. 

72  hrs. 


0 
1  hr. 
3  hrs. 
7  days 

0 


0 
Ihr. 
3  hrs. 
3  hrs. 

7  days 

0 

8  hrs. 


0 

•1  hr. 

3  hrs. 

7  days 

7  days 


0 
1  hr. 

3  hrs, 
72  hrs. 
7  days 


7  days 
0 


Sewag-e  applied  to  surface  of  filter  by  means  of:   §open  tronffhs;  tperforated  iron 
g-rids. 

*Sprinkling  nozzle  used  for  application  of  sewagre,  also  for  periods  following. 
**Operated  as  a  contact  filter,  three  cycles  daily. 
***Days  of  rest  incidental  to  normal  operation  of  filter  not  included,  see  App.  VIII. 
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NITRIFICATION. 

In  a  manner  similar  to  that  observed  in  the  case  of  the  con- 
tact filters,  the  following  tables  of  results,  summarized  by 
periods,  to  correspond  to  the  foregoing  tables  on  operation,  are 
presented  to  show  the  effect  upon  nitrogen  contained  in  the  crude 
sewage  produced  by  the  sprinkling  filters  during  the  passage  of 
the  sewage  through  them  under  various  conditions. 

The  results  show  that  the  nitrification  in  Filters  B,  C  and 
D  was  about  equal,  the  per  cent,  which  the  nitrified  nitrogen  in 
the  effluents  was  of  the  total  nitrogen  applied  being  18.5,  21.3  and 
19.0,  respectively.  Filters  A  and  E  were  distinctly  inferior  in 
this  regard  (the  per  cent,  of  nitrogen  nitrified  being  7.6  and  5.2, 
respectively),  due  in  the  former  filter  to  poor  distribution,  and 
in  the  latter  presumably  to  the  lack  of  underdrains  and  inade- 
quate aerating  facilities.  Ten  and  two-tenths  (10.2)  per  cent,  of 
the  applied  nitrogen  was  nitrified  by  this  filter;  in  view  of  its 
constructional  features,  this  result  is  to  be  considered  satis- 
factory. 

Following  periods  of  rest  the  nitrates  in  the  effluent  natur- 
ally increased  in  quantity  as  will  be  noted  in  the  individual 
analyses  in  the  appendices.  Other  than  that  the  intermittent 
operation  with  a  daily  rest  did  not  permanently  increase  the 
nitrates,  there  were  no  features  worthy  of  special  note. 
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Nitrification  Results  Summarized  by  Periods, 


Net  Yield 

OF  the  Filter 

IN  Million 

Parts  Per 
Million 

itrified 

Affluent 

Amount 

Period 
Date 

Gallons 
PER  Acre 

Total 
Nitrogen 

IN 

Influent 

Nitrified 
Nitrogen 

IN 

Effluent 

M   M   ^ 

^  «  H 
U  «  o 

Ending  1904-5 

Daily 
Aver- 
age 

Total 

for 

Period 

^  *  «,  *J 

Sprinkling  Filter  A. 

No.  1. .  .September  9. 
2. .  .November  8. . 
3..  .December  7. . 
4. .  .December  16. 
5..   January  1  . .. 
6. .  .March  31 

Totals  and  Averages. . 

1.79 
1.69 
2.00 
0.80 
1.43 
0.77 

1.33 

47.7 
101.3 
58.0 
7.2 
21.5 
69.2 

304.9 

16.5 
20.1 
29.4 
21.6 
23.4 
16  9 

19.7 

0.4 
1.0 
1.2 
1.5 
1.2 
2.4 

1.5 

• 

2.4 
5.0 
4.1 
6.9 
5.1 
14.2 

7.6 

Sprinkling  Filter  B. 

No.  1. .  .November  5  . 
2. .  .December  7. . 
3. .  .January  1  . . . 

4... April  22 

5. .  .June  25 

Totals  and  Averages. . 

0.% 
3.01 
2.51 
1.92 
2.02 

1.85 

77.6 

96.4 

60.4 

214.6 

129.1 

578.1 

18.8 
28.0 
22.5 
17.5 
13  0 

18.4 

4.6 
1.3 
1.0 

-  2.5 
5.8 

3.4 

24. S 

4.6 

4.5 

14.3 

44.6 

18.5 

Sprinkling  Filter  C. 

No.  1 . . .  November  4  . 
2... December  7.. 
3..  .December  24. 
4.  ..January  1  . . . 

S... April  22 

6. .  .April  25 

7..  .June  24 

Totals  and  Averages . . 

0.86 
3.00 
2.48 
2.59 
1.84 
2.65 
1.87 

1.78 

67.7 
99.1 
42.3 
18.1 

206.6 
8.0 

112.2 

554.0 

18.8 
24.5 
24.9 
12.8 
16.8 
9.9 
13.2 

17.8 

4.3 

2.9 
2.5 
6.0 
3.2 
4.0 
4.7 

3.8 

22.9 
11.8 
10.0 
46.9 
19.1 
40.4 
35.6 

21.3 
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Nitrification  Results  Summarized  by  Periods. 


Net  Yield 

Parts  per 

'-'  H  C3 

OF  THE 

Filter 

Million 

IN  Million 

Gallons 

PER  Acre 

sS:< 

Period 
Date 

Total 
Nitrogen 

IN 

Influent 

Nitrified 
Nitrogen 

IN 

Effluent 

Per  cent,  which  N 
Nitrogen  in  the  E 
WAS  OF  the  Total 
Applied 

Ending  1904-S 

Daily 
Aver- 

Total 

for 
Period 

Sprinkling  Filter  D. 

No.  1. .  .November  4  . 
2. .  .December  7. . 

3..  .January  1 

4...  April  22 

5.  .  .June  25 

1.72 
4.38 
3.56 
1.91 
2.00 

135  4 
144.3 
85.6 
214.2 
128.3 

18.8 
24.5 
22  9 
16.2 
12.9 

4.1 
1.6 
1.8 
3.6 
4.0 

21.8 

6.5 

7.9 

22.2 

31.0 

Totals  and  Averag-es.. 

2.27 

707.8 

17.9 

3.4 

19.0 

Sprinkling  Filter  E. 

No*  1 . . .  Novem  ber  4 . . 
2. . .  December  7. . 
3. .  .December  17. 
4. .  .January  1  . . . 

5 . . .  April  1 

6..   April 26 

7.  ..June  26 

2.27 
2  17 
1.62 
1.55 
1.22 
0.80 
1.62 

36.3 
72.3 
16.3 
21.7 

110.0 
20.1 

100.0 

13.2 
24.5 
23.1 
22.8 
16.1 
17.2 
12.0 

0.2 
0.4 
0.3 
1.9 
1.1 
1.9 
1.6 

1.5 
1.6 
1.3 
8.3 
6.8 
11.0 
13 .3 

Totals  and  Averages.. 

1.51 

376.7 

17.3 

0.9 

5.2 

Sprinkling  Filter  F. 

No.  1...  April  22 

2. .  .June  25 

2.10 

2.50 

155.3 
159.6 

16.4 
12.8 

0.6 
2.6 

3.7 
20.3 

Totals  and  Averages.. 

2.28 

314.9 

14.7 

1.5 

10.2 
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•     CLOGGING. 

While  the  voids  in  these  sprinkling  filters  did  not  decrease 
very  much  there  was  more  or  less  clogging,  which  showed  that 
improvements  in  the  filters  on  a  large  scale  should  be  made  with 
reference  to  distribution  of  effluent,  removal  of  detached  films 
from  underdrains  and  obtaining  a  filtering  material  free  from 
clay  or  very  fine  particles. 

Removal  of  Suspended  Matter.  This  subject  has  already 
been  discussed  (p.  294).  but  its  importance  justifies  its  further 
consideration,  especially  when  the  data  are  arranged  in  periods 
corresponding  to  the  degree  of  resting  (see  p.  301).  The 
data  in  the  following  table  also  show  the  removal  of  volatile 
matters. 

It  is  noticeable  that  Filter  E,  with  its  clogged  underdrains, 
showed  the  greatest  removal  of  suspended  matter.  Even  this 
filter,  with  a  longer  period  of  rest,  unloaded  much  of  its  stored 
material  (see  period  No.  6).  Poor  distribution  was  a  controlling 
factor  with  Filter  A.  The  plan  of  resting  the  filters  every  other 
week  would  have  further  helped  all  of  the  filters  if  it  had  been 
practiced  from  the  beginning. 
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Suspended  Matter'  Results  Summarized  hy  Periods, 


Net  Y] 

[ELD   IN 

SUSPENDED  MATTER 

Million  vtax^luns 
Per  Acre 

Parts  Per  Million 

Percent. 

Period 

Total 

Volatile 

Removed 

Date 
Ending  1904  S 

Daily 
Averagfe 

1.79 
1.69 
2.00 
0.80 
1.43 
0.77 

1.33 

Total 

for 
Period 

■t-t 
c 

s 

8 
V 

9 

85 

96 

97 

300 

174 

138 

125 

112 

55 
114 

80 
149 

105 

34 
21 
102 
142 
59 
30 
90 

57 

73 
40 
123 
31 
85 

64 

4 
32 
28 
77 
18 
85 
14 

28 

33 
127 

77 

4^ 

a 

V 

8 

65 
79 

90 

45 

115 

58 

69 

72 
88 
80 
59 
24 

60 

40 
32 
44 
34 
40 
2 
26 

36 

40 
32 
41 
31 

23 

32 

50 
32 
28 
112 
31 
29 
12 

28 

39 

24 

32 

4-i 
C 

V 

a 
£ 

29 
30 
43 
79 
106 
42 

40 

34 
30 
27 
48 
39 

35 

'  8 
4 
36 
12 
15 
4 
18 

14 

31 
12 
33 
10 
14 

19 

4 
15 

27 

11 

9 

18 

5 

11 

21 
21 

21 

29 
47 
36 
-200 
56 
-28 

17 

29 
63 
54 
30 

-35 

26 

46 
69 
20 
-87 
9 
46 
28 

30 

-16 

40 
-8 
47 
19 

16 

95 

52 
51 
55 
69 
-55 
67 

56 

50 

-7 

15 

© 

'■5 

> 

Sprinkling  Filter  A 
No.  1.  .September  9  . . 

2.  .November  8. . . 

3.  .December  7. . . 

4.  .December  16. . 

5.  .January  1 

6.  .March  31 

Totals  and  Averages. . . 

47.7 
101.3 
58.0 
7.2 
21.5 
69.2 

304.9 

119 
182 
151 
100 
399 
108 

150 

55 
62 
52 
-75 
8 
28 

42 

Sprinkling  Filter  B 

No.  1. .  November  5. . . 
2     December  7. . . 
3.  .January  1.    .  . 

4..  April  22 

5.  .June  25 

Totals  and  Averages. . . 

0.96 
3.01 
2.51 
1.92 
2.02 

1.85 

77.6 

96.4 

60.4 

214.6 

129.1 

578.1 

157 
147 
249 
115 
110 

142 

S3 
66 
66 
19 
-63 

42 

Sprinkling  Filter  C 
No.  1   .November  4  . . 

2.  .December  7. . . 

3.  .December  24. . 

4.  .Januarv  1  . . . 

5.. April  22 

6..  April  25 

7.  .June  24 

Totals  and  Averages... 

0.86 
3.00 
2.48 
2.59 
1.84 
2.65 
1.87 

1.78 

67.7 

•99  1 

42.3 

18.1 

206.6 

8.0 

112.2 

554.0 

63 
67 

127 
76 
65 
56 

125 

82 

80 
88 
18 
65 
63 
-100 
31 

61 

Sprinkling  Filter  0 
No.  1.  .November  4. . . 
2.  .December  7. .  . 
3^.  .January  1  . . . . 

4..April22... ... 

5.  .June  25 

Totals  and  Averages. . . 

1.72 
4.38 
3.56 
1.91 
2.00 

2.27 

135.4 
144.3 
85.6 
214.2 
128  3 

707.8 

63 
67 

114 
59 

105 

76 

23 
62 
19 
68 
39 

41 

Sprinkling  Filter  £ 
No.  1.. November  4  .. 

2.  .December  7... 

3.  .December  17. . 

4.  .January  1  .  .  .  . 

5.  .April  1 

6.. April  26 

7.  .June  26 

Totals  and  Averages. . . 

2.27 
2.17 
1.62 
1.55 
1  22 
0.80 
1.62 

1.51 

36.3 
72.3 
16.3 
21.7 

110.0 
20.1 

100.0 

376.7 

76 
67 

57 
171 
59 
55 
42 

63 

• 

92 
53 
4 
90 
71 
38 
58 

61 

Sprinkling  Filter  F 

No.  1.. April  22 

2.  .June  25 

Totals  and  Averages. . . 

2.10 
2.50 

2.28 

155.3 
159.6 

314.9 

66 
119 

91' 

46 
13 

34 

SPRINKLING   FII.TKRS 


307 


Beduction  in  Voids.  The  loss  in  voids  in  sprinkling  filters 
is  a  function  depending  largely,  of  course,  upon  the  amounts  of 
suspended  matter  in  the  applied  sewage  which  are  retained  in 
the  filters  during  its  passage  through  them.  In  this  type  of  filter 
there  is  far  less  tendency  on  the  part  of  the  suspended  matter  to 
be  retained  permanently  in  the  filters  than  in  the  case  of  the 
contact  filters,  and  this  feature  has  much  to  do  with  the  fact  that 
the  loss  in  voids  in  sprinkling  filters  tested  at  this  station  was 
less  than  in  the  case  of  the  contact  filters. 

In  the  following  table  there  are  presented  certain  data  to 
show  the  amounts  of  suspended  matter  applied  to  and  retained 
by  the  several  filters  for  the  entire  period  of  tests,  together  with 
the  loss  in  voids,  in  each  of  the  several  filters.  In  this  connection 
see  the  comments  made  on  pp.  294  and  305. 

Loss  in  Voids  of  Sprinkling  Filters. 


Sprin- 

Days in  the 
Tests 

Suspended  Matter 
Total  Tons  per  Acre 

Per  Cent,  of 
Voids 

Per 
Cent. 

kling 

Filter 

Total 

Total 

Dajs 

Rested 

Applied 

la 
Effluent 

Retained 

Begin- 
ning 

Ending 

Loss 
in  Voids 

A 

230 

48 

192.1 

160.1 

32.0 

43.1 

40  8 

2.3 

B 

313 

45 

344.8 

254.9 

89.9 

42.0 

38.4 

3.6 

C 

311 

53 

190.8 

132.6 

58.2 

43.0 

33.3 

9.7 

D 

312 

72 

225.9 

190.3 

35.6 

42.8 

34.6 

8.2 

E 

245 

45 

99.7 

44.3 

55.4 

42.0 

33.3 

8.7 

F 

138 

34 

120.3 

101.8 

18.5 

47.2 

41.2 

5.4 

Surface  Clogging.  Under  continuous  operation,  the  surface 
layers  of  the  material  in  the  sprinkling  filters  showed  in  a  vary- 
ing degree  a  tendency  to  clog  with  suspended  matter,  dependent 
upon  the  thoroughness  of  the  preparatory  treatment  of  the  ap- 
plied sewage  and  the  uniformity  of  its  distribution.  Surface 
clogging  was  especially  apparent  in  the  case  of  Sprinkling  Filter 
B,  which  received  the  effluent  of.  the  grit  chamber.  The  clog- 
ging became  so  marked  in  April  that  the  sewage  remained  upon 
the  surface  of  the  filter  in  pools,  a  condition  very  unfavorable 
to  efficient  aeration  and  normal  purification ;  and  on  April  13, 
1905,  it  was  decided  to  remove  3  inches  of  the  surface  material 
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(403  cubic  yards  per  acre)  rather  than  give  the  filter  a  pro- 
longed rest.  No  removal  of  material  nor  prolonged  rest  was 
necessary  in  the  case  of  the  other  filters  receiving  sewage  which 
had  been  subjected  to  more  thorough  preparation,  although  oper* 
ated  at  somewhat  higher  rates.  The  surfaces  of  all  the  filters 
were  forked  over  at  this  time  to  a  depth  of  about  3  inches  in 
an  unsuccessful  attempt  to  increase  nitrification  during  the 
Spring. 

The  surface  clogging  in  the  sprinkling  filters  was  largely 
confined  to  those  areas  receiving  the  greater  part  of  the  discharge 
from  the  sprinkling  nozzles.  These  portions  of  the  layers  were 
circular  in  plan,  1  foot  or  more  in  diameter  and  extended 
downward  to  a  depth  of  from  8  to  12  inches.  This  material, 
and  in  fact  practically  all  of  the  material  to  a  depth  of  6  inches, 
was  coated  with  a  slimy  black  deposit.  Below  a  depth  of  about 
12  inches,  except  immediately  beneath  the  point  of  maximum 
discharge  of  the  nozzle,  the  deposit  was  far  less  noticeable  and 
appeared  to  be  fairly  well  oxidized.  This  was  presumably  due 
to  the  fact  that  at  this  depth  the  material  ordinarily  received 
no  more  accumulations  of  organic  matter  than  could  be  oxidized. 
Reducing  actions  evidently  occurred  near  the  surface. 

As  a  remedial  measure  for  surface  clogging,  the  filters  were 
rested  at  intervals  and  occasionally  raked'  over  during  the  latter 
part  of  the  tests.  In  this  way  a  drying  out  and  an  oxidation 
was  effected  causing  a  removal  of  considerable  of  the  deposited 
matters  until  operation  was  again  resumed.  More  systematic 
resting  from  the  beginning  would  have  left  the  filters  in  better 
condition  at  the  end. 

Composition  of  the  Upper  Surface  Deposits,  The  following 
data  show  the  character  of  the  deposit  upon  the  upper  3 
inches  of  material  removed  from  Filter  B  on  April  13th, 
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Composition  of  Upper  Surface  Deposit, 

Wet  Sludge. 

Tons  per  acre,  three  inches  deep 14.9 

Specific  fi^ravity  .....    1.26 

Per  cent,  water 65.4 

Per  cent,  ferrous  sulphide  (FeS) 07 

Dry  Sludge. 

Tons  per  acre,  three  inches  deep 5.2 

Per  cent,  volatile  matter 32 . 1 

Per  cent,  ether-soluble  matter 2.9 

Per  cent,  organic  nitrogen 1 .93 

The  above  analyses  as  in  the  case  of  the  voids  at  the  close  of 
the  tests  show  much  less  deposit  than  would  be  supposed  from 
inspection  of  the  material.  They  also  show  that  the  black  de- 
posit contains  only  a  very  small  quantity  of  sulphide  of  iron. 

Clogging  in  the  Underdrmns.  On  April  17,  1905,  the  ma- 
terial was  removed  from  Filters  C  and  B  for  the  purpose  of 
studying  the  condition  of  the  underdraining  material,  with 
special  reference  to  the  deposition  of  clogging  matters.  To  a 
point  2.5  feet  beneath  the  surface  and  directly  under  the  main 
discharge  of  the  nozzles,  a  black,  sticky  deposit  was  quite  no- 
ticeable. It  gradually  decreased  in  amount  to  the  top  of  the 
underdrains.  The  lower  half  of  the  filtering  material  and  the 
upper  portion  of  the  underdrains  were  in  a  very  satisfactory 
condition. 

The  lower  portions  of  the  underdraining  material  were  bad- 
ly matted  together  and  pools  of  liquid  were  noted  several  inches 
in  depth  over  the  stones.  The  deposit  was  very  gelatinous, 
strongly  adhesive  and  possessed  a  deep  black  color  and  a  foul 
odor.  Some  of  it  gradually  accumulated  •  on  the  floor  of  the 
filter  (slope  0.25  inch  per  foot)  and  evidently  built  upon  the 
floor,  between  the  large  pieces  of  stone  until  a  slope  was  created 
causing  a  flow  to  the  outlet  pipe. 

As  shown  by  the  following  analysis  of  the  deposit,  it  con- 
tained considerable  quantities  of  organic  matter  and  some  sul- 
phide of  iron. 
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Composition  of  the  Deposit  in  Underdrains  of  Sprinkling 

Filter  C. 

Wet  Sludge 

Specific   gravity 1.27 

Weight  per  cubic  yard  (pounds) 21.40 

Per  cent,  water 80 

Per  cent,  ferrous  sulphide  (FeS) 0.11 

Dry  Sludge 

Per  cent,  volatile  matter 8.7 

Per  cent,  nitrogen 0.4 

Per  cent,  ether -soluble  matter 0  2 


Obviously  there  was  a  reducing  action  going  on  in  this  de- 
posit. The  effluent  passed  over  and  through  it  so  rapidly  that 
it  did  not  oxidize  the  deposit  appreciably. 

As  to  the  filtering  material  itself  the  broken  limestone 
seemed,  perfectly  durable  and  suitable  for  its  purpose.  The  only 
unsatisfactory  feature  was  the  presence  of  an  undesirable 
amount  of  clay  on  the  material  as  delivered  to  some  of  the  filters. 
This  was  especially  true  of  Filter  E. 

Judging  from  experiences  elsewhere  the  factor  of  clogging 
would  have  been  of  less  significance  had  the  material  been  of 
larger  size.  AVith  a  thicker  layer  of  coarser  material  the  effi- 
ciency could  no  doubt  be  made  to  equal  that  obtained  with  the 
filter  tested.  However,  it  does  not  seem  necessary  to  use  for 
Columbus  sewage  so  coarse  a  material  as  is  preferred  by  some 
for  the  strong  European  sewages. 

With  regard  to  the  clogging  proposition  it  is  considered  that 
much  information  of  value  was  obtained  to  show  how  sprinkling 
filters  for  the  main  sewage  works  at  Columbus  could  be  im- 
proved as  compared  with  the  test  filters.  The  principal  features 
may  be  summarized  as  follows: 

1.  Apply  the  sewage  after  it  has  been  freed  so  far  as  prac- 
ticable from  matters  which  will  deposit  in  the  filter.  This  in- 
cludes not  only  suspended  matters  but  also  such  dissolved  mat- 
ters as  will  precipitate  within  the  filter. 

2.  Apply  the  sewage  as  uniformly  over  the  surface  as  prac- 
ticable. 
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3.  Free  the  filtering  material  before  it  is  put  in  place,  bf 
clay  and  all  fine  particles. 

4.  Arrange  the  bottom  of  the  filters  to  facilitate  so  for  as 
practicable  the  prompt  removal  with  the  effluent  of  those  paxti- 
cles  which  become  detached  from  the  filtering  material. 

5.  Operate  the  filter  by  resting  and  drying  and  by  applying 
sewage  thereafter  for  a  short  period  at  high  rates  so  as  to  aid  in 
the  detachment  and  removal  of  clogging  matters  retained  upon 
the  filtering  material. 

6.  Keep  the  accumulating  deposits  on  the  bottom  of  the 
filter  removed  by  flushing  or  otherwise  as  required. 

TIME  OF  PASSAGE  OF  SEWAGE  THROUGH  SPRINKLING 

FILTERS. 

The  time  required  for  sewage  to  pass  from  top  to  bottom  of 
a  sprinkling  filter  is  dependent  upon  the  depth  of  the  filter,  the 
comminution  of  the  applied  sewage  and  the  extent  to  which  the 
voids  in  the  filters  are  clogged.  Under  normal  conditions  in 
the  5-foot  filters  at  this  station  in  which  sprinkling  nozzles  were 
used,  it  was  found  by  means  of  dyestuffs  added  to  the  applied 
sewage  that  certain  portions  of  a  given  dose  of  sewage  reached 
the  outlet  of  the  filter  in  0.5  minute,  the  main  portion  came 
through  in  3  minutes  and  sewage  of  diminishing  color  con- 
tinued to  pass  for  30  minutes. 

SPECIAL   FEATURES   RELATIVE   TO   THE  EFFICIENCY   OF 

SPRINKLING  FILTERS. 

Effect  of  Winter  Weather.  During  these  tests,  although  a 
severe  winter  was  experienced,  there  was  no  apparent  deteriora- 
tion in  the  efficiency  of  the  sprinkling  filters  due  to  this  cause. 
No  difficulty  was  experienced  in  operating  the  sprinkling  nozzles 
even  when  the  average  atmospheric  temperature  for  24  hours 
stood  at  1  deg.  below  zero  F.  (the  minimum  average  tempera- 
ture of  the  applied  sewage  was  39  deg.  F.)  The  only  effect  of 
the  low  temperatures  was  to  cause  a  collar  of  ice  to  form  about 
the  periphery  of  the  sprinkling  filters.     These  ice  rings  (3  feet 
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in  width)  gradually  increased  in  thickness  (0.3  ft.)  and  ex- 
tended from  all  sides  toward  the  center  of  the  filter.  The  con- 
tinued application  of  warm  sewage  gradually  cut  away  the  lower 
inner  surface  of  the  ice  ring  until  finally  there  was  formed  about 
each  nozzle  what  might  be  termed  an  ice  crater. 

During  severest  weather  the  temperature  of  the  effluent  on 
an  average  was  about  3  deg.  Fahr.  colder  than  the  applied 
sewage. 

The  days  when  the  minimum  temperature  of  the  air  was 
10  deg.  Fahr.  or  less,  during  the  Winter  of  1904-5  are  listed  as 
follows : 


Low  Air  Temperatures  During  Winter  of  1904-5. 


DaTK 

Temperature  Deg.  F. 

1904-5 

Maximum 

Minimum 

Average 

December  11 

28 

4 

14 

14 

23 

1 

12 

15 

27 

5 

13 

16 

23 

3 

12 

18 

36 

6 

22 

22 

30 

10 

21 

28 

63 

3 

35 

29 

17 

7 

13 

January  4 

22 

5 

14 

10 

30 

-3 

20 

11 

26 

7 

17 

15 

22 

3 

13 

25 

32 

5 

14 

26 

20 

6 

12 

29 

20 

4 

12 

30 

22 

9 

16 

February   1 

36 

4 

24 

2 

27 

-2 

14 

3 

10 

-4 

2 

4 

19 

2 

10 

5 

22 

10 

17 

7 

25 

-6 

14 

8 

22 

4 

16 

11 

21 

4 

14 

13 

39 

7 

23 

14 

9 

-7 

-1 

15 

20 

1 

15 

16 

10 

-2 

4 

17 

28 

9 

24 
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Experience  shows  decisively  that  no  apprehension  need  be 
felt  as  to  sprinkling  nozzles  giving  trouble  from  clogging  or 
freezing  when  operated  in  as  severe  a  climate  as  at  Columbus. 
The  only  feature  for  consideration  is  the  significance  of  these 
ice  rings  upon  the  filter  surfaces. 

From  Jan.  8  to  Feb.  15,  1905,  the  maximum  area  of  the  filter 
surface,  receiving  sewage  from  sprinkling  nozzles,  which  was 
covered  with  ice  ranged  from  0  to  84  pfer  cent,  of  the  total  area 
and  averaged  17  per  cent.  The  maximum  periods  during  which 
the  ice  rings  covered  more  than  30,  20  and  10  per  cent,  of  the 
entire  surface  were  3,  9  and  22  days,  respectively. 

With  sprinkling  nozzles  which  can  spray  the  sewage  over 
a  greater  portion  of  the  entire  area  than  was  the  case  with  those 
tested,  and  with  an  opportunity  to  vary  the  head  upon  the  noz- 
zle and  to  change  somewhat  the  area  receiving  the  sewage,  the 
ice  question  could  be  kept  under  much  more  satisfactory  control, 
it  is  not  believed  that  ice  would  be  bothersome  during  any  ordi- 
nary severe  winter  weather  at  Columbus  and  perhaps  not  at  all. 

In  view  of  the  possibility  that  too  much  frozen  sewage  might 
accumulate  now  and  then  at  intervals  of  several  years  it  was 
suggested  that  during  such  times,  if  the  sewage  should  freeze 
to  the  filter  surface  so  as  to  exclude  the  air,  the  filter  for  a  few 
days  might  be  operated  as  a  contact  filter  and  be  filled  from  be- 
low. Filter  B  was  operated  in  this  way  from  Dec.  7  to  Dec.  17, 
1904.  The  disadvantage  of  this  procedure  is  that  it  causes  the 
sewage  last  entering  the  filter  to  be  the  first  to  pass  out.  By 
slowly  draining  the  filter  however  much  of  the  suspended  matter 
can  be  removed.  As  a  temporary  expedient  this  procedure  is 
moderately  successful  for  such  a  sewage  as  that  at  Columbus 
after  it  has  received  a  thorough  preparatory  treatment.  It  is 
of  interest  here  to  note  the  analytical  results  contained  in  Appen- 
dix VIII.  with  respect  to  Filter  E  for  the  dates  above  mentioned. 
The  procedure  is  a  far  better  one  than  to  discharge  the  unfiltered 
sewage  into  the  river,  should  these  rare  periods  of  prolonged 
**zero  weather ''  occur  during  a  low  stage  of  the  river. 

Effect  of  Rate  of  Filtration.  The  ability  of  sprinkling 
filters  to  yield  a  well  nitrified,  stable  effluent  as  in  contact  filters 
is  dependent  largely  upon  the  rate  at  which  they  are  operated. 
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In  a  previous  table  (p.  294)  data  were  presented  to  show 
the  putreseibility  of  the  effluents  of  the  six  sprinkling  filters, 
and  reference  to  these  results  will  show  that  when  the  average 
net  rates  of  treatment  were  materially  in  excess  of  2,000,000 
gallons  per  acre  daily,  putrescible  effluents  were  liable  to  occur. 

For  short  periods  it  is  possible  for  filters  of  this  type  treat- 
ing the  local  sewage  to  yield  non-putrescible  effluents  when  op- 
erated at  average  net  rates  ranging  from  2,500,000  to  3,000,000 
gallons  per  acre  daily.  The  indications  are  strong,  however, 
that  under  the  conditions  encountered  in  these  tests  such  rates 
are  from  25  to  50  per  cent,  in  excess  of  what  seems  safe  to  base 
the  design  of  a  large  plant  upon.  An  average  rate  above  2,000,- 
000  gallons  per  acre  daily  with  the  local  sewage  may  prove 
thoroughly  safe  for  filters  with  the  improvement  noted  on  p.  310, 
but  present  evidence  hardly  warrants  such  conclusions. 

Certain  data  illustrative  of  the  effect  of  the  rate  of  treat- 
ment upon  the  stability  of  sprinkling  filter  effluents  are  con- 
tained in  the  following  table.  These  filters  received  sewage 
well  prepared  either  by  plain  sedimentation  or  by  the  septic 
treatment. 

Effect  of  Rate  of  Treatment  Upon  the  Nitrification  in 
Sprinkling  Filters,  and  Upon  the .  Putreseibility 

of  the  Effluent, 


Period  1904 


Aug.  17  to  Nov.  4  ] 
Nov.  5  to  Dec.  7. .  j 
Dec.  7  to  Dec.  25.  \ 


Number 

Sprin- 
kling 
Filter 

Number 
of  Sam- 
ples Av- 
eraged 

OF  Por- 
tions 
Making 
UP  Aver- 
age Sam- 
ples 

C 

12 

288 

D 

12 

288 

C 

4 

96 

D 

4 

96 

C 

3 

72 

D 

3 

72 

Ayeragh 

Daily   Nkt 

Yield 

Million 

Gallons 

PER  Acre 


0.86 
1.72 

3.00 
4.38 

2.40 
3.19 


Per  cknt. 
OF  Applied 

NiTROGFN 
WHICH  was 

Nitrified 


H 

M 
M 

PQ 

M 

O 
CO 

H 
K 
H 
& 
QU 


0 
0 

0 
? 

0 

+ 


Hij^her  rates  mean,  of  course,  more  storage  and  more  care  to  prevent  clogging. 
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Necessity  for  Uniform  Distribution,  The  efficiency  of 
sprinkling  filters  is  largely  dependent  upon  the  thoroughness 
with  which  the  applied  sewage  is  distributed  over  the  surface  of 
the  filtering  material  as  already  stated  in  regard  to  clogging. 
The  following  table  of  results  well  illustrates  this  point.  Sprink- 
ling Filters  A  and  B  for  a  considerable  period  received  the  same 
influent,  but  the  sewage  was  applied  to  Filter  A  through  a  per- 
forated iron  grid  and  to  Filter  B  by  means  of  a  sprinkling 
nozzle.  Although  the  latter  filter  was  operated  at  a  rate  two 
and  a  half  times  as  great  as  the  former  the  general  efficiency  of 
both  filters  was  about  equal.  The  results  are  the  averages  of 
analyses  of  17  samples  of  the  effluents  of  Sprinkling  Filters  A 
and  B  during  the  period  November  5,  1904,  to  April  1,  1905. 
Average  daily  net  yields  in  million  gallons  per  acre  were:  A, 
i:03;   B,  2.50. 

Effect  of  the  Thoroughness  of  Distribution  on  the 
Efficiency  of  Sprinkling  Filters, 


Parts  Per  Million 

Bacteria 

Nitrogen  as 

SusPE^^DED  Matter 

Per 

« 

Q 

Cubic 

GEN 

JMEl 

.2 

2  H 

c< 

•s 

S 

in 

% 

«  > 

Centi- 

n 

'    Oo 
u 

cU 

o 

Free 
Amm 

-t-> 

7^ 

3 

OS 
> 

OXY 

Disso 

meter 

A 

38 

7.6 

9.8 

.47 

1.5 

154 

48 

106 

4.9 

700,000 

B 

30 

7.0 

9.4 

.54 

1.5 

85 

34 

51 

5.1 

850,000 

Significance  of  Preparatory  Treatment,  Sewages  high  in 
suspended  matter  as  compared  with  clarified  sewage  naturally 
induce  more  speedy  surface  clogging  in  the  case  of  the  sprinkling 
filters,  and  this  in  turn  seriously  impairs  the  facilities  for  aeration 
within  the  filters.  Naturally  under  such  conditions  the  general 
efficiency  of  the  filter  falls  off,  and  the  filters  require  frequent 
attention  to  maintain  them  in  good  working  order.  Aside  from 
this  feature  the  filters  at  this  station  receiving  the  effluent  of  the 
grit  chamber,  plain  settled  or  septic  sewage,  respectively,  showed 
no  marked  difference  in  efficiency  which  could  be  attributed  to 
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the  character  of  the  preparatory  treatment  to  which  the  sewage 
was  subjected  prior  to  its  application  to  them.  Data  illustrative 
of  this  point  are  contained  in  the  following  table  of  average 
results  from  January  1  to  April  22,  1905: 

Significance  of  Preparatory  Treatment  in  the 
Efficiency  of  Sprinkling  Filters. 


Daily 

Net 

Yield 

Million 

Gallons 

Per 

Acre 

Preparatory 
Treatment 

Num- 
ber 
of 
Sam- 
ples 
Aver- 
aged 

Num- 
ber of 
Por- 
tions 
Making 

Aver- 
age 
Sample 

Suspended 
Matter 

Per  Cent. 

which 

Nitnfied 

Nitrogen 

in  Effluent 

was  of 

Total 

Nitrogen 

Applied 

0] 

6 

(4 

Parts  Per 
Million 

Per 
Cent. 
Re- 
tained 
Within 
Filter 

CO  « 

|| 

2 

s 

M 

In- 
fluent 

Ef- 
fluent 

B 
C 
D 

1.92 

1.84 

1.91 1 

Grit  Chamber 

Septic  Tank.. 
Plain    Subsi- 
dence   

12 
12 

1- 

288 
288 
288 

115 
73 

58 

80 
69 
31 

30 

S 
47 

14.3 
19.1 

22.2 

1 

1 
0 

THE    RELATIVE    ADVANTAGES    OF    INTERMITTENT    AND 

CONTINUOUS    OPERATION. 

Frequent  reference  has  already  been  made  to  the  value  of 
periods  of  rest  in  the  operation  of  sprinkling  filters.  During 
resting  periods  nitrification  is  very  active  and  with  the  resump- 
tion of  operation  much  of  the  deposit  in  the  filters  is  flushed 
out.  Continuous  operation  tends  to  induce  clogging  through  the 
fact  that  no  opportunities  for  periodic  drying  out  of  the  material 
are  afforded,  and  the  deposit  within  the  filters  is  therefore  moist 
and  adhesive  at  all  times.  This  induces  a  loss  in  voids  in  the 
filters  and  a  consequent  deterioration  in  the  character  of  the 
efiSuent. 

In  the  next  table  certain  data  are  presented  as  a  matter  of 
record  showing  the  results  obtained  from  sprinkling  filters  oper- 
ated continuously  and  intermittently.  Owing  to  the  short  period 
of  time  covered  by  this  special  study  and  certain  abnormal 
factors  the  real  significance  of  the  different  operating  procedures 
was  somewhat  obscured  thereby.  Thus  Filter  B,  from  the  sur- 
face of  which  3  inches  of  material  were  removed  on  April  22, 
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showed  clearly  the  effect  of  improved  aeration  by  the  unusually 
active  nitrification  during  the  following  two  months'  operation. 
Much  of  the  stored  suspended  matter  was  washed  out  from  the 
filter  during  this  period,  as  shown  by  the  fact  that  more  sus- 
pended matter  escaped  in  the  effluent  than  was  applied.  The 
material  was  removed  from  Filter  C  on  April  22,  1905,  and  was. 
replaced  after  coarser  underdrains  had  been  provided.  Conditions 
in  this  filter  should  have  been  much  improved  in  consequence, 
but  the  results  obtained  during  the  succeeding  two  months  were 
not  materially  superior  to  those  obtained  from  Filter  D,  which 
was  not  disturbed  other  than  having  the  top  3  inches  of  the 
filtering  material  forked  over  at  the  beginning  of  the  period. 
The  latter  filter  was  operated  practically  on  a  basis  of  alternate 
weeks  of  operation  and  rest,  while  Filter  C  was  rested  8  hours 
in  each  24.  Theoretically  the  longer  periods  of  rest  should  give 
the  best  results,  and  the  experience  gained  during  those  tests  in  a 
large  measure  substantiates  this  view.  This  experience  relates 
principally  to  actual  inspection  following  periods  of  rest.  As- 
already  stated,  at  such  periods  average  results  do  not  signify 
a  great  deal.  The  average  results  are  for  the  period  from  April 
25,  1905,  to  June  24,  1905,  when  all  the  filters  received  septie 
sewage. 


Data  to  Show  the  Relative  Advantages  of  Continuous  and 
Intermittent  Operation  of  Sprinkling  Filters. 
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*  Continaous.     **  16  hours  continaous  operation,  followed  by  8  hours 

nous  rest.     ***  8  successive  days  continuous  operation,  followed  by  7  days 
nous  rest. 
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Illustrating  the  storage  and  subsequent  unloading  of  sus- 
pended matter  as  referred  to  in  the  preceding  paragraph,  the 
detailed  susp'ended  matter  results  for  this  period  are  of  interest 

Storage  and  Unloading  of  Suspended  Matter. 


Datb 

Suspended  Matter— Parts  Per  Mii^uon 

1905 

Fi/ter  B 

Filter  C 

Fitter  D 

Influent 

Effluent 

Influent 

Effluent 

Influent 

Effluent 

April  23 

*'       29 

May      7 

*'      15 

**      26 

**      31 

June     8  

"      15 

**      24 

56 

82 

62 
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38 
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112 
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38 
144 
.  136 
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56 

82 

62 
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i32 
194 
138 
134 

30 

8 

18 

86 

•  • 

40 
1% 
234 

46 

56 

82 

152 

38 

132 

•  •  • 

138 
134 

66 
10 

•   • 

72 
66 
28 

336 
20 

Filter  B  was  operated  continaously ;  Filter  C  rested  May  23-9,  inclusive;  Filter  D 
rested  May  2-9,  inclusive,  May  19-24,  inclusive,  June  3-10,  inclusive,  June  16-23,  inclusive. 


FEASIBILITY   OF   SETTLING   THE  EFFLUENTS. 

The  effluents  of  well  constructed  and  efficiently  operate(l 
sprinkling  filters  normally  contain  considerable  and  variable! 
amounts  of  suspended  matter,  a  large  proportion  of  which  is 
composed  of  large  particles.  To  gain  light  upon  the  feasibility 
of  removing  this  suspended  matter  from  the  effluents  of  thd 
sprinkling  filters  three  settling  tanks  (D,  E  and  F)  were  pro- 
vided through  which  the  respective  effluents  of  Filters  B,  C  and 
D  were  passed  at  rates  such  as  to  allow  from  0.75  to  1  hour's 
subsidence.  These  tanks  were  in  operation  during  the  last  ten 
weeks  of  the  tests  and  during  that  period  considerable  attention 
was  paid  to  the  study  of  this  question,  the  results  of  which  are 
presented  in  the  following  table.  Attention  is  also  directed  to 
the  fact  that  detailed  data  along  this  line  are  contained  in 
Appendix  IX. 
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Sedimentation  of  the  Effluents  of  Sprinkling  Filters, 


Period  of  Operation 
OF  Settling  Tanks 
(Day.) 

Number    of    Hourly 
Samples  Averaged 

Average   Period  of 
Subsidence 
(Minutes) 

Parts  Per  Million 
Suspended  Matter 

Per  Cent. 
Removed 

Tank 

Total 

Volatile 

-4-* 
0 

A* 

B* 

A* 

B* 

o 

> 

D 
E 
F 

70 
70 
64     • 

1,364 
832 

772 

65 
46 
46 

114 
70 
71 

55 
32 
31 

42 
29 
25 

28 
16 
11 

52 
54 
56 

33 
45 
56 

A*  Unsettled.        B*  Settled. 


The  settled  effluents  were  of  quite  satisfactory  appearance, 
although  still  somewhat  turbid.  With  efficient  sedimentation 
the  turbidity  ought  to  average  not  more  than  about  50  parts. 
See  page  39  as  to  colloids. 


AMOUNT  AND  CHARACTER  OF  THE  SLUDGE  DEPOSITED  IN 
THE  SUBSIDIARY   SETTLING   TANKS. 

The  amounts  of  sludge  deposited  in  the  settling  tanks  above 
referred  to  ranged  from  1.5  to  3.4  cubic  yards  per  million  gal- 
lons, the  latter  amount  being  deposited  from  the  effluent  of 
Sprinkling  Filter  B,  which,  like  the  other  filters,  received  septic 
sewage  during  this  period,  but  which,  prior  to  April  15,  received 
the  effluent  of  the  grit  chamber. 
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Amount  and  Character  of  the  Sludge  Deposited  in  the  Set- 
tling Tanks  to  Which  the  Effluents  of  Sprinkling 
Filters  B,   C  and  D  Were  Applied. 


Received  the  Effi,u- 

ENT  OF  FlI<TER 

ToTAi.  Gai,i.ons  Sew- 
age Treated 

Average    Period   of 
Subsidence 

(Minutes) 

Sludge  Deposit  Per 
MiLUON  Gai,i,ons 

Bacteria 

Per  Gram 

Wet 

Sl^UDGE 
(Millions) 

Cubic  Yards 

Per  Cent. 
Water 

Tons 

Wet 
Sludge 

Dry  Solids 

(d 

o 

< 

Total 

Vola- 
tile 

Gas 
Forme 

D 
E 
F 

B 

c 

D 

146,294 
137,569 
150,035 

65 
46 
46 

3.4 
1.5 
2.0 

90 
90 
90 

3.01 
1.38 
1.76 

0.30 
0.14 
0.17 

0.09 
0.03 
0.05 

40.0 
60.0 
60.0 

0.50 
0.55 
0.45 

NET  RATES  AT  WHICH  SPRINKLING  FILTERS  MAY  BE  OPERATED 
AND  PRODUCE  NON-PUTRESCIBLE  EFFLUENTS. 

The  results  of  the  tests  clearly  show  that  net  rates  of 
2,000,000  gallons  per  acre  daily  may  be  used  with  satisfactory 
results.  This  is  provisional  upon  a  sufficiently  thorough  pre- 
paratory treatment  of  the  sewage  so  that  clogging  in  the  surface 
layers  of  the  filter  will  not  become  a  disturbing  factor  as  already 
described  under  ** Clogging."  Thus  in  the  case  of  Filter  B 
none  of  the  samples  was  putrescible  subsequent  to  April  22, 
1905,  when  the  surface  layer  was  removed  from  the  filter.  Prior 
to  that  time  there  were  several  instances  when  this  filter  yielded 
a  putrescible  effluent,  particularly  when  the  net  rates  of  treat- 
ment were  in  excess  of  2,000,000  gallons  per  acre  daily.  The 
same  was  true  in  the  case  of  Filter  D.  Although  this  filter 
yielded  a  putrescible  effluent  on  one  day  during  the  first  week 
of  its  operation,  after  that  time  the  effluent  was  always  non- 
putrescible  except  at  times  when  the  net  rate  of  treatment  was. 
3,000,000  gallons  or  more  per  acre  daily.  All  things  taken  into 
consideration,  it  is  clear  that  when  treating  a  settled  or  septic 
sewage  such  as  encountered  during  these  tests,  sprinkling  filters 
will  yield  stable  effluents  when  operated  at  net  rates  of  2,000,000 
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gallons  per  acre  daily.  This  conclusion  has  already  been  stated 
on  page  314  with  reference  to  unsettled  sprinkling  filter  effluents. 
By  settling  out  the  coarse  suspended  matters  the  margin  of 
safety  is  somewhat  increased. 

THEORY  OF   THE  ACTION  WHICH  TAKES  PLACE  WHEN 
SEWAGE  IS  APPLIED  TO  A  SPRINKUNG  FILTER. 

Enough  has  already  been  said  to  make  plain  the  principal 
features  occurring  in  sprinkling  filters,  but  a  few  words  com- 
paring its  action  with  that  of  contact  filters  may  make  the  subject 
a  little  plainer. 

In  a  sprinkling  filter  which  is  properly  constructed  and 
properly  operated,  the  action  which  takes  place  upon  the  pass- 
age of  sewage  through  it,  is  essentially  aerobic,  instead  of  being  a 
combined  aerobic  and  anaei'C'bic  action  as  is  the  case  in  contact 
filters.  While  in  sprinkling  filters  it  is  aerobic,  there  is  perhaps  an 
incidental  anaerobic  action  going  on  in  such  filters  at  times  within 
the  films  when  the  filters  are  somewhat  overloaded. 

From  a  physical  standpoint  there  is  much  in  common  in 
the  action  in  sprinkling  filters  and  contact  filters.  Each  acts 
to  a  material  degree  as  a  strainer.  As  the  sewage  percolates 
through  the  filter  much  of  the  suspended  matter  is  deposited 
upon  the  surface  of  the  particles  of  filtering  material  and  thin 
gelatinous  films  are  formed  about  the  grains  of  material.  As  in 
contact  filters  it  is  these  films  which  play  an  important  part  in 
the  purification  effected  by  the  filter,  due  to  their  power  of 
removing  by  adsorption  a  certain  proportion  of  the  dissolved 
organic  matters  contained  in  the  sewage  and  of  acting  as  oxygen 
carriers. 

Largely  due  to  the  predominence  of  aerobic  conditions  within 
sprinkling  filters,  the  deposited  organic  matter  is  gradually 
oxidized  to  a  condition  in  which  it  has  lost  the  power  in  a  large 
measure  of  adhesion  to  the  particles  of  filtering  material.  Dur- 
ing periods  of  rest  the  oxidation  of  deposited  matters  is  veiy 
rapid  and  coincident  with  the  efficient  drying  out  which  is; 
afforded  the  filter  under  favorable  weather  conditions.  Due  to 
these  causes,  when  operation  is  again  resumed,  the  films  of 
stable  suspended  matter  crack,  peel  and  are  washed  from  the 
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filters  to  the  temporary  detriment  of  the  appearance  of  the 
effluent,  but  to  the  ultimate  benefit  of  the  filter.  The  removal 
from  the  filter  in  this  manner  of  the  deposited  suspended  matter 
means  a  less  frequent  removal  of  filtering  material  on  account 
of  clogging,  as  compared  with  contact  filters  in  which  no  such 
unloading  takes  place.  As  the  sewage  passes  through  the  filter 
constant  contact  of  the  sewage  with  the  air  is  conducive  to  the 
highest  degree  of  aerobic  bacterial  activity.  During  the  active 
period  of  operation  nitrates  and  nitrites  are  constantly  being 
formed  in  the  filters  and  washed  out  in  the  effluent,  and  serve  in 
this  way  as  a  protecting  agent  against  the  ultimate  putrefaction 
oi  the  effluent,  as  do  the  considerable  quantities  of  dissolved 
atmospheric  oxygen  which  regularly  escape  absorption  in  pass- 
ing through  the  filter.  During  periods  of  rest  nitrification  in- 
creases in  intensity,  as  is  the  case  in  contact  filters,  and  the  un- 
stable organic  matters  which  have  accumulated  in  the  filter  are 
more  or  less  thoroughly  oxidized,  depending  upon  the  length 
of  the  resting  period. 

SUMMARY. 

The  Columbus  sewage  after  partial  clarification  in  sedimen- 
tation basins  or  septic  tanks  can  be  purified  in  sprinkling  filters 
at  an  average  net  rate  of  2,000,000  gallons  per  acre  daily,  and 
the  effluent,  after  sedimentation  for  an  hour  or  two,  will  be  non- 
putrescible,  of  satisfactory  appearance  and  will  contain  only 
about  10  per  cent,  of  the  bacteria  in  the  raw  sewage.  A  head  of 
from  3  to  5  feet  is  required  for  its  operation.  Under  Columbus 
Kjonditions  where  pumping  of  the  sewage  is  necessary  a  sprink- 
ling filter  can  produce  an  equally  satisfactory  effluent  as  a  con- 
tact filter  and  operate  at  three  to  four  times  as  high  a  rate. 
Further,  its  cost  for  operation,  especially  the  cleaning  of  clogged 
.filtering  material,  will  be  less  because  of  its  characteristic  func- 
tion of  unloading  material  deposited  within  its  voids.  These 
lest  filters  showed  this  feature  to  be  very  conspicuous,  but  it 
(Could  be  materially  improved  by  adopting  the  various  suggestions 
€utlined  on  page  310. 


Chapter  VII. 


Final  Summary  and  Conclusions. 


In  this  chapter  it  is  the  purpose  to  record  in  brief  terms 
the  more  essential  features  which  were  learned  from  these  in- 
vestigations and  to  state  them  briefly  in  a  non-technical  manner. 
For  convenience  the  different  topics  will  be  mentioned  in  the 
same  order  as  in  the  body  of  the  report. 

THE  COLUMBUS  SEWAGE. 

The  Columbus  sewage  from  a  system  of  combined  sewers 
receiving  certain  amounts  of  storm  water  was  tested  with 
unusual  thoroughness.  Fifteen  thousand,  two  hundred  and 
twenty-eight  (15,228)  portions  of  the  sewage  were  collected  for 
chemical  and  bacterial  analysis.  This  sewage  is  representative 
of  the  main  sewerage  district  of  the  city,  where  about  75,000 
people  are  connected  to  the  sewers.  The  average  flow  of  the 
sewage  to  which  these  data  refer  was  about  9,000,000  gallons 
daily. 

The  analyses  (p.  34)  show  that  on  an  average  the  per  capita 
composition  of  the  Columbus  sewage  is  much  stronger  than  that 
of  cities  having  separate  sewers;  and  furtlier,  that  it  is  much 
weaker  than  the  sewage  of  those  cities,  such  as  certain  cities  in 
Massachusetts  and  Manchester  and  Leeds  in  England,  where 
numerous  manufacturing  wastes  jare  discharged  into  the  public 
sewers.  When  compared  with  the  records  from  other  cities,  the 
per  capita  constituents  of  the  local  sewage  resemble  most  closely 
those  of  London,  England. 

On  an  average  the  sewage  as. tested,  corresponds  to  a  per 
capita  flow  of  about  120  gallons  daily.     This  dilution  shows  a 
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rather  stronger  sewage  than  found  in  some  other  American 
cities,  but  it  is  less  than  half  as  strong  as  that  of  many  European 
cities. 

Unusual  attention  was  paid  to  determining  the  amount  of 
suspended  matter  or  sludge  in  the  Columbus  sewage..  Briefly 
stated  it  was  found  that  the  suspended  matter  in  the  local  sewage 
averaged  as  follows: 

Parts  per  million 215 

Grams  per  capita  daily, '. 98 

Tons  of  dry  suspended  solids  per  million  g-allons , 0.9 

Tons  of  dry  suspended  solids  per  1000  population  per  annum 395 

At  the  Columbus  Sewage  Testing  Station  about  350,000  gal« 
Ions  of  sewage  were  treated  daily  in  a  series  of  devices  com- 
prising  10  tanks  or  filters  for  preparatory  treatments  and  31 
filters  in  which  the  sewage  was  given  its  final  treatment. 

PREPARATORY   TREATMENTS. 

By  preparatory  treatment  is  meant  those  procedures  by 
which  there  are  removed  the  suspended  matter  of  the  sewage 
with  as  much  thoroughness  as  economy  allows  on  a  practical 
scale.  They  involve  screening,  the  use  of  grit  chambers,  plain 
sedimentation  tanks,  septic  tanks,  chemical  precipitation  tank& 
and  coke  strainers. 

The  coke  strainers  were  simply  rough  filters  or  strainers 
of  coke,  while  the  other  processes  involved  sedimentation  in 
tanks  of  various  relative  sizes  corresponding  to  periods  of  flow 
ranging  from  about  one-half  hour  to  twenty-four  hours. 

Briefly  stated,  it  was  found  that  of  the  suspended  matter 
in  the  raw  sewage,  about  50  to  60  parts  per  million  were  so  very 
fine  that  it  is  not  feasible  to  remove  them  by  any  of  these  pro- 
cesses (p.  39).  Hence  these  fine  particles  remained  for  treat- 
ment in  the  finishing  processes  and  were  not  a  factor  in  these 
preparatory  treatments  involving  sedimentation. 

Screening  allowed  about  36  parts  per  million  of  coarse 
matters  to  be  removed,  corresponding  to  0.17  cubic  yard  per  mil- 
lion gallons.  All  the  sewage  tested  at  this  station  was  first 
screened   (p.  59). 
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Grit  chambers  were  not  successful  under  the  local  con- 
.  -ditions  because  in  the  sewage  after  screening  there  did  not  re- 
main sufficient  coarse  particles  of  a  mineral  nature  to  allow 
sedimentation  in  small  grit  chambers  to  yield  a  sludge  differing 
materially  from  that  in  the  ordinary  sedimentation  tanks  (p.  78). 

As  to  plain  sedimentation  it  was  found  (p.  92)  that  about 
130  parts  per  million,  or  about  65  per  cent.,  of  the  suspended 
matter  in  the  screened  sewage  could  be  deposited  in  sedimenta- 
tion tanks  holding  an  average  flow  of  some  four  hours.  Increase 
in  the  period  of  sedimentation  beyond  about  four  hours  did  not 
produce  in  a  practical  way  much  effect  upon  the  remaining 
particles  of  suspended  matter.  Similarly  it  was  found  (p.  108) 
that  a  reduction  in  lineal  velocity  below  about  4  m.  m.  per 
second  (48  feet  per  hour)  for  a  period  of  about  4  hours  did 
not  affect  appreciably  the  removal  of  the  suspended  particles. 

The  treatment  of  the  sewage  by  means  of  sedimentation  .to 
the  extent  above  stated  caused  a  production  of  sludge  or  solid 
matter  upon  the  floor  of  the  sedimentation  tanks  to  the  extent 
of  about  0.65  ton  of  dry  solids  per  million  gallons  (pp.  86  and 
101).  This  sludge  contained  a  somewhat  varying  percentage  of 
water  (p.  96),  which  averaged  about  87  per  cent.  This  makes  the 
volume  of  sludge  deposited  by  plain  sedimentation  tanks  about 
5.75  cubic  yards  per  million  gallons  (p.  153). 

Chemical  precipitation  with  the  use  of  both  lime  and 
copperas  and  of  sulphate  of  alumina  was  tested  in  sedimentation 
tanks  having  an  average  period' of  flow  of  8  hours.  It  was  found 
(p.  139)  that  while  the  coagulants  caused  the  coarser  matters  to 
be  precipitated  more  quickly  than  in  the  case  of  plain  sedimen- 
tation, the  fine  particles  could  be  removed  to  a  further  extent 
only  with  much  difficulty  and  expense  for  the  precipitating 
chemicals.  The  volume  of  sludge  is  so  much  greater  (p.  137) 
than  in  the  case  of  plain  sedimentation  that  it  can  be  clearly 
stated  that  on  the  grounds  of  cost  alone  chemical  precipitation 
is  not  applicable  to  the  local  sewage  problem. 

Plain  sedimentation  and  the  septic  treatment  are  substanti- 
ally the  same  (pp.  129  and  152)  in  their  initial  step,  which 
briefly  stated  consists  of  the  deposition  of  about  two-thirds  of  the 
total  matters  suspended  in  the  Columbus  sewage.  Further,  both 
effect  a  substantial  mixing  of  the  sewage,  so  that  there  is  ob- 
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tained  an  effluent  of  fairly  uniform  composition.  The  two  treat- 
ments differ  in  that  the  plain,  sedimentation  tanks  require  to  be 
cleaned  out  every  one  or  two  weeks  when  the  accumulating 
sludge  on  the  bottom  of  the  tanks  begins  to  putrefy  and  to  cause 
ebullition  of  gas;  whereas  in  the  septic  tanks  this  putrefaction 
and  gasification  of  the  sludge  is  allowed  to  continue  for  many 
months  at  a  time.  The  septic  tanks  tried  at  this  station  were 
of  various  sizes,  so  that  the  average  period  of  flow  ranged  in 
different  cases  from  four  to  twenty-four  hours.  In  brief,  it  was 
found  that  the  septic  tanks,  holding  on  an  average  about  8  hours' 
flow  allowed  this  process  to  continue  as  far  as  it  was  advantage- 
ous to  do  on  a  practical  scale.  That  is  to  say,  septic  tanks  of 
an  8-hour  capacity  provide  sufficient  space  for  the  accumulation 
of  sludge  so  that  the  putrefactive  agencies  characteristic  of  the 
process  may  liquefy  and  gasify  as  much  of  the  solid  sludge  as 
can  be  disposed  of  in  this  way.  It  was  found  (p.  129)  that  on 
an  average  fully  50  per  cent,  of  the  deposited  sludge  in  the  raw 
(screened)  Columbus  sewage  can  be  thus  liquified  and  gasified  by 
the  septic  treatment.  It  was  found  (p.  130)  that  there  would  be 
required  a  sludge  disposal  of  not  more*  than  2.68  cubic  yards  per 
million  gallons  with  the  septic  treatment,  as  compared  with  5.75 
cubic  yards  with  plain  sedimentation. 

It  was  further  found  (p.  128)  that  septic  tanks  holding  an 
average  flow  of  twenty-four  hours  neither  materially  increased 
the  amount  of  sludge  septicized,  nor  did  they  cause  the  liquid 
leaving  the  tank  to  be  over-septicized  or  of  such  a  composition 
that  it  was  with  difficulty  treated  by  subsequent  filtration.  No 
offensive  odor  (p.  123)  was  noticeable  around  the  septic  tanks, 
and  the  deposited  septic  sludge  when  finally  removed  was  re- 
markably free  from  offensive  odor. 

One  of  the  coke  strainers,  on. an  average,  caused  a  removal 

of  about  81  per  cent.  (p.  145)  of  the  suspended  matters  of  the 

applied  sewage,  and  thus  was  rather  more  successful  in  regard 
to  clarification  than  any  of  the  other  preparatory  treatments. 

The  other  coke  strainer,  however,  showed  an  average  removal  of 

suspended  matter  of  only  64  per  cent.    The  coke  strainers  were 

considered  to  be  hardly  suited  for  adoption  on  a  large  scale  at 

Columbus,  owing  to  their  irregular  behavior  and  to  the  expense 

attending  the  removal  of  about  5.5  cubic  yards   (p.  149)  per 

million  gallons  of  clogged  coke  which  would  no  longer  serve  its 
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purpose  as  a  straining  medium.  The  strainers  would  also  be 
difficult  to  use  in  practice  during  freezing  weather  at  rates  ex- 
ceeding about  1,500,000  gallons  per  acre  daily  unless  they  were 
placed  under  cover,  which  would,  of  course,  add  greatly  to  their 
expense.  The  removal  of  fats  from  the  crude  sewage  by  the 
coke  strainers  was  about  77  per  cent.  (p.  146) ;  that  removed  by 
sedimentation  tanks  averaged  only  about  53  per  cent.  (p.  153). 

SLUDGE  DISPOSAL. 

As  to  the  question  of  final  disposal  of  the  sludge  from  pre- 
paratory treatments  involving  sedimentation,  it  is,  of  course, 
perfectly  feasible  to  dispose  of  the  sludge  from  all  of  the  pro- 
cesses upon  land  adjoining  the  purification  works,  as  is  done  in 
many  of  the  large  European  cities.  In  regard  to  the  sludge 
from  the  septic  process  it  has  the  advantage  of  being  not  only 
far  less  in  quantity  than  tliat  of  the  other  processes,  but  possesses 
several  other  distinct  advantages  in  regard  to  its  disposal.  They 
refer  particularly  to  the  question  of  disposing  of  a  portion  or  all 
of  the  septic  sludge  into  the  Scioto  River  at  times  of  flood 
flows  (p.  132). 

The  advantages  of  the  septic  process  are  shown,  first  in 
that  this  is  the  only  one  of  the  processes  in  which  the  sludge  can 
be  satisfactorily  allowed  to  accumulate  within  the  purification 
works  themselves  so  that  it  can  be  disposed  of  only  during 
floods  in  the  river.  This  means  that  in  practice  the  septic  tanks 
should  be  of  such  a  size  that  the  sludge  can  be  readily  allowed 
to  accumulate  in  the  tanks  for  eight  months  or  more,  or  from 
the  high-water  stages  of  the  early  spring  until  rains  again  pro- 
duce high  water  late  in  the  following  autumn  or  winter.  The 
septic  process  possesses  a  second  distinct  advantage  in  that  the 
storage  of  the  sludge  for  such  long  periods  as  those  just  men- 
tioned causes  a  djang  out  of  a  large  number  of  disease  germs. 
Hygienically  this  advantage  is  an  important  one  and  is  possessed 
by  no  other  process  involving  sedimentation. 

Under  conditions  at  many  places  this  method  of  disposal  of 
septic  sludge  would  not  be  feasible,  but  here  at  Columbus  the 
local  conditions  are  such  that  each  volume  of  septic  sludge  can 
be  disposed  of  in  the  waters  of  the  Scioto  River  by  dilution  with 
800  volumes  of  river  water  (p.  132).     This  dilution  is  so  great 
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that  the  amount  of  organic  matter  and  other  constituents  in  the 
river  water  below  the  purification  works  and  coming  from  the 
Columbus  sewage  would  then  be  less  even  than  in  the  case  of  the 
river  water  at  this  place  during  low  stages,  when  it  is  receiving 
only  the  settled  effluent  of  the  final  filters.  Another  important 
aspect  of  the  disposal  by  dilution  of  septic  sludge  is  that  owing 
to  the  death  of  a  very  large  percentage  of  all  of  the  disease 
germs  contained  in  it,  it  is  a  safer  and  more  hygienic  procedure 
than  is  the  discharge  during  storms  of  portions  of  the  flows  in 
the  sewers  which  contain,  of  course,  considerable  numbers  of 
virulent  disease  germs. 

FILTRATION  PROCESSES. 

The  several  finishing  processes  by  which  the  desired  degree 
of  purification  may  be  secured  of  the  sewage  after  receiving 
preparatory  treatment  comprised  intermittent  sand  filters,  which 
were  recommended  for  local  adoption  by  Mr.  Ilering  in  1901; 
contact  filters,  which  were  earlier  recommended  by  Messrs. 
Griggs  and  Alvord,  and  sprinkling  filters,  which,  with  much 
success,  have  been  recently  used  in  Europe,  but  which  on  a  large 
scale  have  not  yet  been  used  in  the  northern  part  of  this  country 
and  in  no  case  where  the  winter  weather  is  as  cold  as  it  is  apt 
to  be  in  our  Middle  West  and  Northwest. 

Intermittent  sand  filters  comprise  areas  of  3  to  5  feet  in 
depth  of  porous  sand,  such  as  is  locally  used  for  building  pur- 
poses, and  which,  in  the  case  of  Columbus,  would  have  to  be 
brought  from  the  shores  of  Lake  Erie.  A  daily  dose  of  sewage 
to  the  extent  of  about  4  to  12  inches  is  applied  to  them.  The 
sand  is  allowed  to  drain  and  the  pores  to  fill  with  air  during  the 
intervals  between  doses. 

Contact  filters  comprise  areas  of  broken  stone  or  coke  of  a 
size  ranging  ordinarily  from  about  0.25  inch  to  2.00  inches  and 
about  3  to  5  feet  in  depth.  These  filters  are  operated  by  filling 
the  pores  with  sewage  and  then  allowing  the  contents  after  a 
short  period  slowly  to  drain  out.  This  filling  and  draining  com- 
prises one  complete  cycle,  which  as  a  whole  is  carried  out  from 
cne  to  three  times  each  day,  as  circumstances  prove  advisable. 
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Sprinkling  filters  comprise  3  to  5  foot  depths  of  broken 
stone  or  coke  of  a  size  from  about  0.50  inch  to  2.00  inches  or 
thereabouts,  and  ordinarily  somewhat  coarser  than  the  material 
m  contact  filters.  Like  all  coarse-grain  filters  they  require  to  be 
well  underdrained.  The  sewage  is  applied  to  them  in  the  form 
of  a  spray,  which  is  uniformly  distributed  over  the  surface  either 
from  revolving  sprinklers  or  stationary  jets.  The  latter  were 
used  at  Columbus. 

One  of  the  most  important  features  learned  during  these 
tests  was  that  sprinkling  filters  properly  designed  could  be 
operated  in  this  northern  climate  during  severest  winter  weather 
without  any  freezing  of  the  sewage  at  the  sprinkling  nozzles 
(p.  311).  During,  prolonged  zero  weather  some  ice  does,  of 
course,  accumulate  on  the  filter  surface,  but  the  experiments 
have  indicated  that,  with  careful  management,  such  weather  in 
Columbus  would  not  seriously  interfere  with  the  practical  oper- 
ation of  the  plant. 

The  behavior  of  the  different  styles  of  filters  varied  some- 
what according  to  the  thoroughness  with  which  suspended  mat- 
ters were  removed  by  the  preparatory  treatment  given  to  the 
sewage,  applied  to  them.  For  this  reason  it  is  well  briefly  to 
summarize  the  results  obtained. 

Sand  Filters. 

After  the  local  sewage  has  been  screened  and  has  had  about 
one-quarter  of  the  suspended  matter  removed  from  it  in  the  grit 
chamber,  the  sand  filters  can  purify  it  very  thoroughly  at  a  rate 
of  about  100,000  gallons  per  acre  daily  (p.  166).  The  filtered 
sewage  would  be  clear  and  the  removal  of  organic  matter  and 
bacteria  about  90  and  98  per  cent.,  respectively. 

With  the  efiBuent  of  the  plain  sedimentation  tanks  in  which 
about .  two-thirds  of  the  suspended  matter  of  the  raw  sewage 
is  removed,  sand  filters  can  operate  at  a  rate  of  some  250,000  to 
300,000  gallons  per  acre  daily  and  produce  an  effluent  of  the 
character  just  stated  (p.  172). 

Coke  strainers  in  which  are  removed  about  75  per  cent, 
of  the  suspended  matter  in  the  raw  (screened)  sewage,  allow 
sand  filters  to  produce  an  effluent  of  the  character  stated  when 
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operated  at  perhaps  somewhat  higher  rates  (p.  195)  than  those 
last  referred  to. 

As  to  the  cost  of  operation  of  intermittent  sand  filters,  the 
local  tests  were  of  too  short  duration  to  do  other  than  to  indicate 
a  general  harmony  with  experiences  elsewhere  on  a  large  scale 
where  the  costs  vary  somewhat,  but  average  more  than  20  cents 
per  annum  (p.  154)  for  each  person  connected  with  the  sewers. 

Where  the  effluents  of  septic  tanks  were  applied  to  inter- 
mittent  sand  filters,  it  was  found  that  the  results  approached, 
but  did  not  fully  equal,  those  obtained  in  conjunction  with  plain 
sedimentation.  The  reason  was  that  the  gas  ebullition  at  inter- 
vals caused  portions  of  the  fine  sludge  to  be  removed  from  the 
bottom  of  the  septic  tanks  and  to  be  deposited  on  the  surface  of 
the  sand  filters.  This  caused  more  or  less  clogging  (p.  190), 
which  would  be  quite  a  serious  factor  in  practice  unless  special 
efforts  were  successfully  made  to  keep  this  septic  sludge  from 
reaching  the  sand  surfaces. 

Sand  filters  receiving  the  effluents  of  chemical  precipitation 
tanks  holding  an  average  flow  of  about  8  hours  suffered  materi- 
ally (p.  176)  from  the  chemicals  used  in  precipitating  the  sewage 
and  which  were  not  removed  entirely  by  sedimentation.  Experi- 
ence elsewhere  with  muddy  river  waters  of  the  Central  West  in- 
dicates that  the  sedimentation  basins  should  have  a  capacity  of  at 
least  24  hours  (p.  139).  The  process  is  less  economical  than 
others  to  warrant  consideration  locally,  and  the  tests  upon  it 
were  abandoned  early  (p.  134)  in  the  investigations. 

Contact  Filters. 

The  effluent  of  the  septic  tanks  was  found  to  be  just  as 
capable  of  treatment  in  contact  filters  as  in  the  case  of  unsepti- 
cized  settled  sewage  (p.  266).  Every  effort  was  made  to  operate 
these  filters  so  that  they  would  produce  an  effluent  which  would 
not  putrefy  and  at  as  high  a  rate  as  this  requirement  would  per- 
mit.  With  filters  5  (feet  in  depth  it  was  found  (p.  265)  that  with 
an  average  rate  of  about  1,000,000  gallons  per  acre  daily  it  was 
hardly  feasible  to  obtain  a  satisfactory  effluent  regularly.  Double 
contact  treatment  appeared  to  have  some  advantages  over  single 
treatment  (p.  273).  Satisfactory  results  as  a  regular  procedure 
on  a  large  scale  could  be  hardly  obtained  at  net  rates  materially 
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exceeding  about  600,000  to  700,000  gallons  per  acre  daily  (p. 
272).  In  this  regard  contact  filters  were  distinctly  inferior  to 
sprinkling  filters  (p.  320). 

Sprinkling  Filters, 

With  the  sewage  distributed  from  stationary  nozzles  over 
filters  of  broken  stone  5  feet  in  depth,  the  head  of  sewage  on 
which  was  about  4  feet,  it  was  found  (p.  320)  perfectly  feasible 
to  obtain  a  non-putrescible  effluent  at  an  average  net  rate  of 
about  2,000,000  gallons  per  acre  daily,  and  moreover  no  difiiculty 
was  experienced  in  operating  these  nozzles  under  severe  winter 
conr^itions  (p.  311).  The  septic  effluent  behaved  as  well  as  that 
obtained  from  plain  sedimentation  tanks,  but  no  better  (p.  315). 
Although  odors  were  perceptible  near  the  sprinkling  nozzles,  it  is 
not  thought  that  such  odors  will  be  noticeable  at  a  distance  of 
over  one-quarter  of  a  mile  from  the  main  works  when  built 
(p.  297).  While  the  effluent  was  non-putrescible  it  contained 
more  or  less  turbidity  (p.  294),  part  of  which  was  due  to  the 
extremely  fine  sub-microscopic  particles  in  the  original  sewage 
(p.  39)  and  in  part  was  composed  of  fairly  large  particles 
detached  at  irregular  intervals  from  the  filtering  material  and 
around  which  they  had  been  present  as  films.  It  was  found 
(p.  318)  desirable  to  remove  by  sedimentation  the  larger  of  these 
particles  contained  in  sprinkling  filter  effluents.  This  was  read- 
ily done  in  small  settling  basins  holding  an  average  flow  of  about 
1  hour  (p.  319).  The  volume  of  this  sediment,  containing  about 
90  per  cent,  of  water,  would  average  (p.  319)  about  2.3  cubic 
yards  per  million  gallons. 

In  Chapter  IV.  instructive  data  are  presented  on  the 
further  treatment  by  intermittent  sand  filters  of  unsettled  and 
settled  effluents  of  coarse-grained  filters  (pp.  199  to  216).  Such 
further  treatment  was  found  to  be  unnecessary  under  local  con- 
ditions. 

THE  PROCESS  RECOMMENDED. 

ft 

Without  going  into  further  detail  of  these  several  processes, 
the  evidence  from  which  is  fully  considered  in  the  foregoing^ 
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portions  of  this  report,  it  may  be  said  that  the  data  conclusively 
show  the  best  method  for  adoption  under  local  conditions  to  be 
as  follows: 

1.  Preliminary  clarification  of  the  sewage  in  basins  holding 
on  an  average  about  an  8-hour  flow  and  operated  on  the  basis  of 
the  septic  treatment. 

2.  Purification  of  the  septic  elBfluent  to  a  non-putrescible 
state  by  sprinkling  filters  at  an  average  net  rate  of  2,000,000 
gallons  per  acre  daily. 

3.  Final  clarification  of  the  effluent  of  the  sprinkling  filters 
in  basins  holding  an  average  flow  of  about  2  hours. 

This  process  produces  a  non-putrescible  effluent  of  satis- 
factory appearance  and  from  which  about  90  per  cefit.  of  the 
bacteria  in  the  raw  sewage  are  removed. 

Very  respectfully, 

(Signed.)  GEORGE  A.  JOHNSON, 

Engineer  in  Charge,  Sewage  Testing  Station, 
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GENERAL  DATA  OF   COLUMBUS  SEWERAGE  SYSTEM,  TOGETHER 
WITH    RECORDS    OF    SEWER    GAGINGS,    RAINFALL, 

TEMPERATURE,  ETC. 

On  Plate  I.  a  map  is  shown  of  the  city  of  Columbus,  and  it 
will  be  noted  that  the  city  is,  by  natural  configurations,  divided 
into  three  principal  sewerage'  districts.  A  shaded  boundary 
line  shows  the  limits  of  the  central  district,  sometimes  spoken  of 
-as  the  main  sewerage  district.  This  has  been  described  at  some 
length  in  Chapter  I.,  as  it  was  from  near  the  foot  of  the  in- 
tercepting sewer  for  this  district  that  the  sewage  was  taken  for 
the  Testing  Station.  Here  "it  is  desired  to  speak  briefly  of  the 
«ewage  system  of  the  entire  city  at  present,  and  to  record  a  few 
«ewer  gagings,  made  with  a  view  to  ascertaining  data  for  the 
main  sewage  purification  works. 

Sewerage  System  as  a*  Whole. 

At  this  date  there  are  167  miles  of  sewers  in  the  entire  city, 
:about  90  per  cent,  of  which  are  designed  to  receive  storm  water 
as  well  as  sanitary  sewage.  Some  55  miles  of  sanitary  sewers, 
and  35  miles  of  storm  sewers,  are  either  under  construction  at 
this  date  or  are  projected.  At  this  time  approximately  100,000 
persons,  or  roughly  67  per  cent.,  of  the  total  population  are 
estimated  to  be  connected  with  the  sewers. 

West  Side  Sewerage  District, 

The  sewage  of  the  West  Side  District  for  the  territory 
north  of  Town  street  and  east  of  Sandusky  street  is  intercepted. 
The  remainder  of  the  district  is  planned  to  be  sewered  on  the 
separate  system.  The  mains  and  the  laterals  reaching  the  most 
thickly  settled  portions  of  the  district  have  already  been  built 
and  a  considerable  milage  of  outfall  sewers  is  being  constructed, 
including  about  two  miles  of  outfall  sewers  leading  to  the  main 
sewage  pumping  station.  The  large  Renick  Run  and  Mound 
Street  sewors  now  receive  little  else  than  storm  water,  and  ulti- 
mately will  be  used  as  storm  water  drains  only.  What  has  been 
known  as  Ihe  Dry  Flow  Sewer,  located  on  Gift  street,  Keller, 


336  REPORT  ON  SEWAGE  PURIFICATION 

Kelley  and  Greenlawn  avenues,  is  at  the  present  time  receivings 
the  sewage  of  about  300  people,  but  in  the  future  will  be  used 
exclusively  for  storm  water.  The  area  of  the  district  and  its 
location  are  sufficiently  noted  on  Plate  I.  Roughly  there  are 
about  16.6  miles  of  sanitary  sewers  in  the  district,  with  which 
there  are  now  connected  about  2,500  persons. 

Alum  Creek  Sewerage  District, 

This  area,  as  noted  from  the  map,  comprises  the  residential 
portion  of  the  city  lying  to  the  east  of  the  main  or  central 
sewerage  district.  There  are  roughly  27  miles  of  sewers  in  this 
district,  with  which  are  connected  about  22,500  people.  There  is 
a  9-foot  combined  sewer  for  this  district,  which  has  not  yet  been 
intercepted  and  connected  with  the  main  pumping  station.  A 
subsidiary  pumping  station  will  be  required  to  deliver  this 
sewage  to  the  purification  works. 

Volume  of  Sewage  Plow, 

A  record  of  those  days  when  uninterrupted  weir  readings 
were  obtained  at  the  outfall  of  the  central  intercepting  sewer 
(main  sewerage  district)  during  these  tests,  and  the  correspond- 
ing total  precipitation  and  volume  of  discharge  for  those  days, 
is  presented  in  the  following  table : 
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'(( 

'     15 

T 

9.0 

i«     29 

.36 

9.9 

(( 

7 

0 

8.5 

i( 

16 

T 

7.1 

"     30 

.20 

14.7 

(( 

8 

T 

8.4 

^^ 

•     17 

T 

8.9 

*•     31 

0 

13.6 

(< 

9 
10 

.26 
T 

8.5 
8.7 

4< 

18 
19 

T 

0 

8.6 
9.2 

** 
June  4 

t( 

'  V2i8*  * 

^■^■-' 

i( 

11 
12 
13 

T 

T 
0 

7.9 
9.4 
9.5 

(1 

•     20 

.59 

14.5 

Junel3 
»*     14 

it 

Apr.  26 

"6" 

0 

9.4 

(( 

'  .60  ' 

13^0 

9.8 

i( 

14 

0 

9.9 

»'     27 

T 

7.8* 

**     15 

.46 

11.5 

(( 

15 

0 

10.1 

**     28 

.42 

8.1* 

"     16 

.05 

9.3 

it 

16§ 

30 

.30 
.01 

10.6 
10.8 

** 
May   3 

"     17 
**     18 

.07 
T 

8.5* 

Mar. 

"o  * 

"s'.o* 

7.9 

(( 

31 

0 

11.1 

i«       4 

T 

8.7* 

i.     19 

.51 

10.8 

Apr. 

1 

0 

11.3 

*«       5 

.07 

10.5 

"     20 

.66 

11.9 

t( 

2 
3 

0 
.07 

8.5 
11.3 

**       6 
u      7 

.10 
0 

10.1 
7.4 

June24 

(i 

"  0  ' 

'"s'.s** 

(( 

4 

.01 

9.5 

**       8 

.03 

9.0 

**     25 

0 

6.1* 

(i 

5 

0 

9.7 

««       9 

T 

8.5* 

**     26 

.09 

7.5* 

(( 

6 

T 

9.6 

**     10 

.45 

11.2 

**     27 

0 

6.7* 

It 

7 
8 

.04 
0 

9.6 
9.4 

** 
May  21 

**     28 
**     29 

0 
0 

6,5* 

t( 

"6" 

"ii'.4** 

7  4* 

(( 

9 

0 

7.9 

**    22 
**    23 

0 
0 

10  3 
9.6 

"     30 

0 

8.9* 

Notes  —  *l40w  volume  of  flow  due  to  obstructed  interceptots. 
§Bank8  of  forebay  wa^bed  out. 
**Weir  smbmerg'ed  by  a  rise  in  the  river. 


Yolurtie  of  Sewage  From  the  Alum  Creeh  and  West 
Side  Districts,  Respectively. 

No  systematic  measurements  have  been  made  during  these 
investigations  of  the  volume  of  sewalge  discharged,  respectively, 
by  the  Alum  Creek  or  the  West  Side  district  sewers.  Recent 
gagings  of  the  dry  weather  flow  of  the  9-foot  Alum  Creek  sewer, 
however,  showed  a  discharge  equal  to  1,750,000  gallons  daily. 


338 


RBPOKT  ON  SKWAGE  PURIFICATION 


On  July  27,  1905,  measurements  were  made  of  the  flow  of 
the  4-foot  sewer  (dry  flow  sewer)  which  drains  the  West  Side 
District,  and  resulted  as  follows: 

Volume  of  Flow  of  the  Dry  Flow  West  Side  Sewer 

on  July  27,  1905. 


TT.M. 

Rate  of  Discharge  in 

XI  Our 

Gallons  per  Day 

1  A 

..  M. 

3,290,000 

2 

3,290,000 

3 

2,980,000 

4 

2,670,000 

5 

2,750,000 

6 

2,870,000 

7 

2,940,000 

8 

2,980,000 

9 

3,210,000 

10 

3,530,000 

11 

3,690,000 

12 

3,850,000 

1  P.  M. 

3,850,000 

2 

«< 

3,760,000 

3 

•  i 

3,850,000 

4 

4,010,000 

5 

4,010,000 

6 

4,090,000 

7 

4,250,000 

8 

4,330,000 

9 

4,240,000 

10 

4,080,000 

11 

3,920,000 

12 

3,690,000 

Total  flo^ 

'  in  24  hours 

3,590,000 

The  gagings  of  the  flow  of  these  two  sewers  were  apparently 
made  under  normal  conditions,  and  it  is  considered  that  the 
figures  presented  closely  approximate  the  total  normal  volume 
of  sewage  discharged  by  these  two  districts  at  this  time.  The 
total  normal  flow  of  these  two  districts,  therefore,  may  be  said 
to  amount  to  about  5,340,000  gallons  daily,  and  of  which,  judg- 
ing from  its  comparative  strength,  probably  in  the  neighborhood 
of  one-half  is  groimd  water. 

Estimated  Volume  of  Average  Normal  Sewage  Flow 

for  Entire  City, 

The  average  volume  of  discharge  of  the  central  intercepting 
sewer  under  normal  conditions  is  about  9,100,000  gallons  daily. 
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Adding  to  this  3,590,000  and  1,750,000  gallons,  representing  the 
average  volume  of  sewage  contributed  by  the  West  Side  and 
Alum  Creek  Districts,  respectively,  under  like  conditions,  we 
find  the  total  flow  for  the  city  to  be  14,440,000  gallons  daily. 

Precipitation, 

The  total  precipitation  during  the  period  covered  by  the 
tests  was  about  77  per  cent,  of  the  normal.  From  about  the 
middle  of  October  to  about  the  middle  of  December,  1904,  there 
was  experienced  a  drought  of  unusual  severity,  the  total  precipi- 
tation during  the  month  of  November  being  but  5  per  cent,  of 
the  normal.  In  the  following  tables,  compiled  from  the  daily 
reports  of  the  local  weather  bureau,  are  shown  the  amounts  of 
precipitation  by  days  during  the  period  of  the  tests,  the  total 
precipitation  by  months  from  1895  to  date,  and  a  summary 
which  shows  the  relation  between  the  average  precipitation  of 
previous  years  and  that  which  was  recorded  during  the  tests. 

Daily  Precipitation  Recorded  in  Inches  of  Rainfall  or  its 

Equivalent  in  Snowfall, 


1904-5 

1 

2 

3 

4 

5 

6 

7 

#  •  ■  •  •       • 

8 

9 

10 

11 

\X 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 , 

26 

27 

28 

29 

30 

31 

Totals 


Aug-. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April 

May 

.80 

.10 

0 

0 

0 

0 

T 

0 

0 

0 

T 

T 

0 

0 

0 

T 

T 

0 

0 

0 

0 

.10 

.02 

0 

T 

.13 

0 

T 

0 

0 

0 

T 

0 

0 

0 

T 

U 

T 

.1-8 

.0 

0 

0 

0 

0 

0 

.01 

0 

0 

0 

.02 

0 

0 

.03 

0 

0 

.17 

.29 

0 

0 

.05 

0 

0 

0 

0 

0 

.02 

T 

.01 

.04 

.10 

T 

T 

0 

.07 

0 

T 

0 

1.03 

T 

0 

0 

T 

.11 

0 

0 

T 

.48 

.24 

0 

.03 

0 

0 

0 

T 

.26 

.07 

T 

0 

0 

.01 

T 

0 

.61 

.09 

T 

.1« 

0 

0 

.66 

.46 

0 

T 

T 

0 

T 

.38 

.06 

0 

.01 

l.OU 

0 

•     .01 

0 

0 

T 

T 

.49 

0 

0 

T 

.56 

.16 

0 

.01 

T 

T 

T 

0 

0 

.03 

0 

T 

0 

T 

0 

T 

.02 

.04 

0 

.93 

0 

0 

0 

0 

0 

0 

0 

0 

T 

.01 

T 

0 

0 

0 

.12 

0 

T 

0 

T 

.28 

T 

T 

0 

0 

.18 

0 

T 

0 

T 

.04 

T 

T 

0 

0 

.03 

T 

0 

.20 

T 

.01 

.23 

.06 

0 

0 

T 

0 

0 

.01 

.32 

0 

.15 

0 

0 

0 

T 

0 

0 

.23 

.39 

0 

.06 

0 

.06 

0 

T 

.02 

0 

.04 

.39 

0 

.40 

0 

T 

0 

.05 

0 

T 

T 

0 

0 

0 

0 

T 

0 

.69 

.08 

0 

.05 

0 

0 

0 

.34 

0 

T 

.88 

.07 

.09 

T 

0 

0 

.98 

.04 

.14 

.01 

T 

T 

.11 

T 

.04 

.85 

0 

.02 

T 

T 

1.36 

0 

.03 

.01 

.56 

0 

0 

0 

T 

T 

.06 

T 

T 

0 

T 

0 

0 

0 

0 

0 

T 

T 

0 

.66 

0 

T 

0 

0 

0 

0 

.01 

0 

.51 

0 

0 

.12 

T 

.05 

31.8 

0.83 

0.97 

0.18 

3.63 

1.25 

1.57 

1.87 

3.15 

4.38 

Jane 

0 
0 
T 
0 

.  •* 

0 

.01 


.12 
0 
0 
0 
0 

.46 

.12 

0 

.51 
.32 
.36 
.07 


T 
T 


0 

.08 
.01 

0 

0 

0 


2.78 


Note:    T— Trace. 
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Record  of  the    Total  Precipitation  by  Months,  in  Inches  of 
Rain/all,  or  its  Equivalent  in  SnoivfalL 


Month 

January 

February 

March 

April 

May 

June 

July 

August 

September  — 

October 

November 

December 

Total 


1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

4.67 

2.34 

1.54 

5-29 

2.35 

3.61 

1.50 

1.56 

2.71 

2.80 

0.64 

1.93 

3.71 

1.67 

1.44 

3.30 

U.88 

U.51 

4.44 

2.12 

1.23 

3.04 

5.45 

7.03 

4.60 

2.59 

1.82 

2.63 

4.13 

4.93 

4.12 

2.70 

4.27 

2.05 

1.18 

1.76 

2.21 

1.60 

2.47 

2.49 

1.73 

2.61 

'3.68 

6.04 

2.25 

1.82 

4.24 

0.95 

2.18 

4.01 

2.94 

3.38 

2.45 

1.63 

1.26 

2.45 

.6.31 

8.52  . 

.3.07 

3.86 

1.45 

9.47 

6.95 

2.33 

4.85 

3.89 

1.23 

4.70 

2.05 

2.48 

2.10 

3.53 

1.95 

7.16 

1.49 

3.02 

1.71 

1.62 

0.67 

3.18 

1.48 

5.93 

0.82 

1.77 

2.01 

0.97 

2.10 

4.16 

1.46 

0.83 

0.92 

0.55 

0.36 

2.95 

2.23 

2.86 

0.33 

1.85 

1:84 

0.97 

5.32 

3.53 

7.54 

2.30 

7.72 

3.71 

0.59 

2.72 

2.01 

0.18 

4.14 

1.52 

2.43' 

1.09 

2.98 

0.92 

3.61 

3.41 

1.71 

3.63 

30.74 

40.53 

41.15 

41.31 

28.45 

30.30 

26.53 

34.23 

28.14" 

31.48 

1905 


1.25 
1.57 
1.87 
3.15 
4.38 
2.78 
2.27 


Relation  of  the  Average  Precipitation  of  Previous  Years 
to  that  which  Occurred  During  the  Tests. 

(Precipitation  Recorded  in  Inches.) 


Month 

Previous  Years. 
(a) 

During  the 
Tests,    (b) 

Per  Cent,  which 
(b)  was  of  (a) 

January 

2.78 
2.06 
3.75 
2.48 
2.95 
3.59 
3.94 
2.58 
2.30 
1.54 
3.29 
2.42 

1.25 
1.57 
1.87 
3.15 
4.38 
2.78 
2.27 
3.18 
0.83 
0.97 
0.18 
3.63 

45 

February 

76 

M  arch 

50 

April 

jsciay  ••.«.••    ....      •..- 
June 

127 
148 

77 

July 

August 

September 

-  58 
123 

35 

October 

November 

63 

5 

December 

150 

Total 

33.68 

26.06 

77 

Temperatures. 


Daily  records  were  obtained  of  the  maxirmim  and  mininmm 
temperatures  of  the  air  inside  and  outside  of  the  filter  gallery. 
It  is  needless  here  to  present  more  than  a  summary  of  the  mean 
daily  temperatures,  as  noted  in  the  following  table.  Mention 
may  be  made,  however,  of  the  reference  to  minimum  tempera- 
tures in  connection  with  sprinkling  filters  on  page  312, 
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Current  Temperature  of  Air  at  Testing  Station  in  Past 
Twenty 'four  Hours  ^  Ending  at  8  A.  M. 


Date 
1904-5 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

*  ■  ••«•••••• 

15 

16  

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30...      

31 

Average  . . 


Degrkbs  Fahr. 


AttfiT. 


70 
64 
62 
68 
70 
64 
62 
56 
60 
70 
66 
62 
66 
66 
62 
66 
62 
60 
62 
74 
66 
74 
58 
60 
68 
56 
56 
58 
60 
62 
62 

67 


Sept. 


78 
79 
73 
66 
68 
69 
70 
67 
68 
70 
75 
63 
67 
62 
55 
55 
62 
73 
68 
69 
61 
52 
55 
70 
72 
69 
72 
70 
75 
77 


68 


Oct. 


60 
58 
4'? 
56 
61 
45 
50 
63 
72 
72 
64 
55 
51 
49 
51 
47 
51 
56 
62 
65 
56 
49 
43 
41 
50 
45 
43 
36 
41 
47 
39 

52 


Nov. 


40 
46 
46 
50 
51 
44 
40 
45 
48 
45 
38 
30 
38 
35 
34 
38 
39 
48 
42 
48 
53 
38 
39 
47 
39 
36 
30 
29 
41 
42 


41 


Dec. 


29 
39 
34 
31 
28 
30 
33 
35 
36 
28 
14 
24 
25 
12 
13 
12 
24 
22 
30 
24 
26 
21 
40 
47 
32 
37 
52 
35 
13 
23 
33 

28 


Jan. 


40 
48 
32 
14 
20 
35 
30 
23 
17 
20 
17 
40 
31 
26 
13 
17 
22 
32 
38 
34 
38 
32 
25 
29 
14 
12 
15 
27 
12 
16 
22 

26 


J'eb. 


24 
14 

2 
10 
17 
28 
14 
16 
34 
30 
14 
29 
23 
-1 
15 

4 
24 
23 
21 
35 
38 
37 
35 
34 
37 
35 
33 
36 


24 


Mar. 

37 

31 

35 

43 

32 

40 

39 

42 

31 

37 

34 

35 

32 

36 

35 

3Q 

51 

58 

62 

53 

52 

40 

43 

61 

48 

57 

52 

57 

67 

61 

49 

45 


Apr. 


58 
55 
58 
62 
51 
43 
42 
33 
45 
64 
65 
46 
45 
55 
47 
35 
42 
40 
56 
62 
46 
46 
54 
58 
65 
60 
62 
68 
59 
54 


53 


May 


56 
56 
72 
68 
75 
74 
68 
60 
64 
58 
65 
67 
66 
69 
69 
63 
57 
56 
52 
57 
59 
62 
56 
64 
64 
67 
66 
74 
73 
68 
63 

64 


June 


62 
67 
66 
67 
73 
78 
78 
65 
65 
73 
73 
76 
70 
72 
78 
78 
78 
83 
85 
83 
78 
81 
75 
70 
67 
S3 
65 
66 
62 
68 


73 


Industrial  Water  Consumption, 

Certain  information  is  here  presented  relative  to  the  indus- 
trial waste  question  in  addition  to  what  is  contained  on  pp.  18 
and  19.  Supplementary  to  these  statements  it  was  thought  de- 
sirable to  inquire  as  to  the  volume  of  water  used  by  the  several 
industries  of  Columbus  as  related  to  the  dilution  of  the  sewage. 
As  previously  stated,  industrial  wastes  are  of  no  practical 
significance  for  the  local  sewage  problem— that  is,  the  water  used 
in  manufacturing  may  be  said  merely  to  dilute  the  sewage 
already  weakened  by  the  relatively  large  domestic  water  con- 
sumption and  the  entrance  of  ground  "water. 

The  discharges  from  tanneries  and  certain  iron  works  affect 
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somewhat  the  chemical  composition  of  the  sewage,  although  the 
volume  of  these  wastes  is  comparatively  small.  From  somewhat 
fragmentary  evidence  as  to  these  wastes  there  appears  an  ap- 
parent explanation  of  certain  of  the  peculiarities  of  the  Colum- 
bus sewage.  For  instance,  the  tanning  industry  in  the  city  is 
chiefly  confined  to  leather  tanning,  although  during  the  tests  a 
sheepskin  tannery  was  in  operation.  The  wastes  from  the  tan- 
ning of  leather  comprise  weak  brine  resulting  from  the  removal 
fro;m  the  hides  as  received  of  the  salt  in  which  they  are  packed, 
a  small  amount  of  dilute  tan  liquor,  and  at  very  infrequent 
intervals  (perhaps  semi-annually)  a  discharge  of  spent  milk  of 
lime.  While  the  discharge  of  salt  liquor  is  relatively  small, 
amounting  roughly  to  about  12,000  gallons  daily,  it  is  probably 
sufficient  to  explain  the  high  chlorine  noted  at  times  in  the  crude 
sewage  (see  detailed  results  App.  IV.).  The  so-called  lime 
sewage  noted  at  rare  intervals  during  the  tests  is  very  probably 
to  be  traced  to  the  lime  liquors  just  mentioned.  The  almost  daily 
discharge  of  salt  waste  in  conjunction  with  the  normally  high 
chlorine  in  the  groimd  water  of  this  vicinity  satisfactorily  ac- 
counts for  the  high  average  chlorine  of  the  Columbus  sewage. 

The  source  of  the  greater  part  of  the  iron  noted  at  times  in 
the  crude  sewage  is  very  probably,  the  discharge  from  certain 
iron  works  of  strong  copperas  solutions.  The  volume  of  these 
spent  pickling  liquors  while  smjill  (between  3,000  and  4,000 
gallons  daily  as  indicated  by  available  data)  is  sufficient,  how- 
ever, to  explain  the  high  iron  noted  at  times  during. the  tests 
(p.  52). 

Investigation  showed  that  the  colored  sewages  were  prin- 
cipally attributable  to  the  discharges  from  a  sheepskin  tannery 
and  that  the  quantity  of  spent  dye  liquors  from  dyeing  establish- 
ments was  too  small  for  consideration  in  this  connection. 

So  far  as  relates  to  the  sewage  problem,  the  water  used  in 
the  local  breweries  and  reaching  the  sewers  serves  merely  to 
dilute  the  sewage  as  the  liquid  wastes  from  the  breweries  result 
chiefly  from  washing  operations  and  under  local  conditions  con- 
tain little  organic  matter. 

Information  obtained  from  the  water  department  as  to  the 
quantity  of  water  used  by  the  larger  industrial  concerns  in  the 
city  is  presented  in  the  table  below. 

In  a  general  way  it  may  be  safely  estimated  that  the  volume 
of  water  reaching  the  sewers  from  industrial  establishments 
for  operating  elevators,  washing  and  cooling  purposes,  is  in  the 
neighborhood  of  4,500,000  gallons  daily,  or  about  30  per  cent. 
01  the  estimated  sewage  flow  for  the  three  sewerage  districts  of 
the  city.  This  figure  is  estimated  from  records  of  the  water 
department  and  due  allowance  is  made  for  the  water  consumed 
in  certain  industries  and  the  amount  of  well  water  not  indicated 
by  meter  records. 
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Estimated  Daily  Water  Consumption  of  the  Larger 

Indicstries  of  Columbus. 


Character  of  Pi^ant 


Breweries 

Laun^eries 

Tanneries 

Iron  industries 

Railroads 

Penal  institutions 

Operation  of  Elevators 
Miscellaneous 

Total 


247 


NUMBBR 

Gallons 

OF  PI.ANTS 

DAItY 

5 

244,700 

6 

,  228,300 

2 

20,900 

19 

262,600 

9 

1,512,000 

3 

124,700 

42 

278,500 

161 

1,104,400 

4,776,100 


Chlorine  in  Certain  Representative  Wells  in  Columbus. 

The  following  data  were  obtained  in  connection  with  studies 
upon  the  composition  of  the  Columbus  sewage: 


Well 
No. 

Approximate 

Depth  in 

Feet. 

Parts  per 

MlLWON 

Well 
No. 

Approximate 

Depth  in 

Feet. 

Parts  per 
Million 

Chlorine 

Chlorine 

1 

2 
3 
4 
5 
6 
7 
8 
9 

250 
110 
60 
60 
60 
40 
40 
30 
30 

33 
57 
21 
16 
51 
45 
55 
19 
24 

10 
11 
12 
13 
14 
15 
16 
17 
18 

30 
30 
28 
20 
20 
20 
20 
15 
Spring 

33 
85 
9 
31 
16 
23 
27 
32 
33 

Numbers  Oj  Bacteria  at  Different  Points  in  the 

Intercepting  Sewer. 

As  the  number  of  bacteria  in  the  crude  sewage,  as  collected 
at  the  testing  station,  were  somewhat  higher  than  have  generally 
been  reported  for  domestic  sewage,  it  was  thought  desirable  to 
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make  a  study  of  the  bacterial  content  of  the  sewage  at  a  number 
of  points  in  the  intercepting  sewer  above  and  below  the  junctions 
of  the  principal  sewers,  with  a  view  to  seeing  whether  imusual 
development  took  place  at  any  particular  point  in  the  sewerage 
system,  or  whether  the  high  numbers  were  to  be  ascribed  to 
natural  development  of  bacteria  as  the  age  of  the  sewage  in- 
creased. 

To  this  end  samples  were  collected  at  the  several  stations,  as 
shown  below,  beginning  at  11:50  a.  m.  on  September  9,  1904,  a 
day  when  the  sewage  flow  was  representative  of  normal  dry 
weather  conditions.  These  samples  were  placed  upon  ice  im- 
mediately after  collection  and  were  all  plated  in  duplicate  with- 
in three  hours  after  collection.  Under  these  conditions  it  is 
thought  that  there  was  precluded  all  possibility  of  growths  in 
the  sample  bottles. 

As  shown  in  the  following  table,  the  numbers  of  bacteria 
ranged  from  700,000  to  9,800,000,  and  averaged  5,500,000  per  . 
cubic  centimeter.  These  results  appear  to  justify  the  apparently 
high  bacterial  results  obtained  upon  the  crude  Columbus  sewage 
as  pumped  to  the  testing  station,  and  indicate  that  the  develop- 
ment of  bacteria  in  Columbus  sewage  is  unusually  profuse. 


Bacterial  Analyses  of  Columbus  Sewage  Collected  at 
Different  Points  Along  the  Intercepting  Sewer, 


Location  of 
Sampling  Station 


Near  Penitentiary 

Near  Penitentiary 

Above  Spring-  street 

Spring  street  lateral 

Below  Long  street 

Junction  of  Broad  street  lateral. 

Rich  street  lateral  

College  street  above  breweries. . 
College  street  below  breweries. . 
Manhole  at  Testing  Station 


Distances 

from  Test- 
ing Station 

Hour 

(Miles) 

2.20 

11:50  a.  m. 

2.20 

12:00  m. 

2.19 

12:15  p.  m. 

2.18 

12:20     ** 

2.00 

12:25     *' 

1.89 

12:35     ** 

1.59 

12:50     " 

1.02 

1:45     ** 

l.OO 

1:50     ** 

0.00 

2:00     »» 

Bacteria 

per  Cubic 

Centimeter 

700,000 
6,500,000 
4,600,000 
1,350,000 
3,500,000 
9,800,000 
4,100,000 
4,000,000 
4,600,000 
9,000,000 
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DATA  AS  TO  METHODS  OF  ANALYSIS. 

There  are  a  few  features  or  details  to  be  recorded  in 
addition  to  what  was  said  in  Chapter  I.,  pages  35  to  48,  inclusive, 
as  follows: 

Determination  of  Sulphide  of  Iron  in  Sewage  Sludge. 

Sulphide  of  iron  was  usually  one  of  the  constituents  includ- 
ed in  a  complete  analysis  of  sewage  sludge.  Although  the  meth- 
od employed  at  this  station  for  its  determination  contains  prac- 
tically no  new  principles,  yet  for  the  sake  of  completeness  it  is 
here  given  in  detail. 

Method,  From  25-50  grams  of  the  wet  sludge  are  placed 
in  a  flat-bottom  flask  of  250  c.  c.  capacity,  into  which  through 
a  double  bored  stopper  tubes  are  lead,  one  to  a  nitrometer  bulb 
containiDg  about  2.5  grams  of  bromine,  the  other  to  a  carbonic 
acid  generator.  The  nitrometer  bulb  is  connected  with  a  suitable 
vessel  containing  caustic  potash  to  absorb  hydrobromic  acid  and 
bromine  fumes.  When  connections  are  made  with  the  bromine 
tube  carbonic  acid  is  passed  through  the  apparatus  after  which 
the  sludge  is  treated  with  about  25  c.  c.  of  hydrochloric  acid 
(1:3)  causing  a  liberation  of  hydrogen  sulphide  gas.  After 
the  initial  somewhat  violent  effervescence  has  subsided,  heat  is 
gradually  applied  to  the  mixture  of  sludge  and  acid.  When  add- 
ing the  acid  and  also  during  the  subsequent  heating  great  care 
must  be  exercised  in  case  the  sludge  contains  considerable  quan- 
tities of  carbonates.  To  avoid  accident  it  is  advisable  to  add 
the  acid  very  slowly. 

The  contents  of  the  flasks  are  eventually  brought  just  to  a 
boil.  Carbonic  acid  is  then  passed  through  the  apparatus .  for 
about  10  minutes,  when  the  formed  hydrogen  sulphide  will 
have  all  passed  to  the  bromine  tube.  The  absorption  bulb  is  then 
removed,  its  contents  rinsed  into  a  small  beaker  and  the  solution 
heated  to  expel  the  free  bromine.  Since  in  the  cases  of  the 
sludges  examined  considerable  quantities  of  fatty  acids  distilled 
over  during  the  heating  of  the  digestion  flask,  it  was  generally 
necessary  at  this  point  to  filter  the  solution.     The  clear  filtrate. 
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slightly  acidified,  with  hydrochloric  acid,  is  then  treated  with 
barium  chloride  and  the  barium  sulphate  subsequently  filtered 
through  a  Gooch  crucible.  From  the  weight  of  barium  sulphate 
found,  the  amount  of  sulphide  of  iron  was  computed.  To  show 
ti-e  accuracy  of  this  method,  at  the  same  time  bearing  in  mind 
the  difiiculties  besetting  the  accurate  sampling  of  sludge,  two 
representative  duplicate  analyses  are  presented: 

Representative  Determinations  of  Sulphide  of 

Iron  in  Wet  Sludge, 


Source  of  Sampi^e 

Percentage  FeS. 

Crust  from  Septic  Tank  C 

0.57 
0.62 

0.58 

Sludffe  from  Septic  Tank  C 

0.56 

Note  —  For  comparative  results.  Grit  Chambers,  Settling*  and  Septic  Tanks,  see 
sludge  analyses. 

Differential  Method  for  the  Determination  of  the  Fatty 

Matters  in  Sewage  Sludge, 

• 
In  sewage  work,  fatty  matters  of  two  distinct  kinds  come 

up  for  consideration.  First,  free  unsaponified  fat  and  grease 
from  the  kitchen  and.  Second,  fatty  acids  in  combination  with 
sodium,  potassium  or  the  alkaline  earth  metals  originating  from 
the  soaps  in  the  sewage.  The  substances  of  the  first  class  are 
soluble  in  ether;  those  of  the  second  are  insoluble.  The  method 
for  the  determination  of  fats  in  sewage  involving  as  it  does  evap- 
oration in  the  presence  of  a  slight  excess  of  sulphuric  acid,  in- 
cludes all  true  fat  together  with  the  free  fatty  acids  set  free  by 
the  acid    from  their  combinations  in  the  soaps  in  the  sewage, 

It  is  clear  that  an  ether  extraction  of  a  neutral  and  an  acid 
sewage  residue,  respectively,  will  enable  the  fats  in  sewage  to 
b^  separated  into  two  classes:  I.  True  fats;  II.  Free  fatty 
acids  from  soaps.  In  examining  sand  from  clogged  filters,  sedi- 
ment from  sprinkling  filters,  or  sludge,  determinations  which 
quite  frequently  are  of  importance  in  the  control  of  sewage  fil- 
ters, it  has  usually  been  the  custom  to  extract  with  ether  the 
dried  residue  thus  leaving  out  of  consideration  the  insoluble  fat- 
ty acids  in  combination  with  calcium  and  magnesium  which  in 
hard  sewage  such  as  that  of  Columbus,  contribute  quite  largely 
to  the  suspended  matter. 

In  sludge  analysis  made  at  this  station  fatty  matters  were 
separated  into  the  two  classes  above  mentioned,  changing  the 
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usual  procedure  by  ^evaporating  an  acidified  mixture  in  addi- 
tion to  the  usual  neutral  sludge.  The  relative  amounts  of  ether- 
soluble  matter  and  fatty  acids  from  soaps  as  occurring  in  Colum- 
bus sewage  are  well  illustrated  by  the  following  sludge  analyses 
made  at  the  discontinuance  of  the  testing  station  on  June 
30,  1905, 

Fats  in  Sludges.     Neutral  and  Acid  Extraction, 


SOURCB  OP  Sampi^b 


Septic  Tank  A 

**      B 

Plain  Settling-  Tank  A 

Grit  Chamber  (June  17,1905)  * 

"      17,1905** 

**  •*      30, 1905  . . 

Sediment  Sprinkling  Filter  B 

((  ((  ((  Q 

(t  '     '  (<  *'  I) 


Fats  in  Wet  Si^udge 
Per  Cent,  by  Weight 


Note  — *East  end;  **west  end. 

Vuirescih'iHiy, 

The  tests  for  putrescibility  were  two:  the  odor  test  after 
incubation  at  37  deg.  C,  for  24  hours,  and  a  direct  chemical  test. 
As  the  subject  is  discussed  at  length  elsewhere,*  there  will  be 
briefly  described  here  only  the  main  features  of  the  chemical 
test  found  applicable  to  local  conditions. 

Chemical  Tests.  These  tests  consisted  in  determining  the 
oxygen  consumed  for  a  period  of  contact  of  3  minutes  in  cold 
acid  permanganate,  the  oxygen  available  from  nitrites  and  the 
dissolved  oxygen  before  and  after  incubation  for  24  hours  at 
37.5  deg.  C,  respectively.  Samples  which  gave  an  increase  in 
the  3-minute  cold  test,  or  which  lost  entirely  their  available 
oxygen  were  considered  putrescible. 


"*  See  forthcomld{f  paper  by  G.  A.  Johnson,  W.  R.  Copeland  and  A.  E    Kim- 
berly,  American  Public  Health  Association,  Boston,  1905. 
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PutrescibUiiy  Deduced  from  Current  Chemical  Data. 

Developments  during  the  progress  of  the  work  upon  putres- 
cibility  resulted  in  judging  the  keeping  qualities  of  an  effluent 
from  the  relative  amounts  of  oxygen  consumed,  5-minute  boil- 
ing, and  the  nitrate,  nitrite  and  dissolved  oxygen,  respectively. 
A  relation  found  to  be  fairly  close  and  sufficiently  reliable  for 
the  majority  of  instances  was  obtained  by  taking  20  per  cent,  of 
the  oxygen  consumed,  considering  this  quantity  to  be  a  measure 
of  the  oxygen  consumed  by  the  putrescible  matter  in  the  efflu- 
ent. The  character  of  an  effluent  was  judged  corresponding  to 
one  of  the  following  conditions : 

First :  When  the  oxygen  consumed  is  equal  to  or  in  excess 
of  the  amount  of  dissolved  oxygen  in  the  effluent,  and  no  nitrates 
or  nitrites  are  contained  therein,  the  sample  will  putrefy. 

Second :  When  the  oxygen  consumed  is  equal  to  or  slightly 
less  than  the  amount  of  oxygen  contained  in  the  effluent  in  the 
lorm  of  nitrates,  nitrites  and  dissolved  oxygen,  the  sample  may 
or  may  not  putrefy. 

Third :  When  the  oxygen  consumed  is  less  than  the  oxygen 
contained  in  the  effluent  in  the  form  of  nitrates  and  nitrites,  un- 
der ordinary  circumstances  the  sample  will  not  putrefy. 

Such  are  the  relations  which  results  at  this  station  indicate 
as  existing  between  the  constituents  of  chemical  analysis  and 
putrescibility.  While  it  has  been  found  that  such  deductions 
as  outlined  above  admitted  of  quite  extended  application  to 
conditions  obtaining  at  Columbus,  it  must  be  clearly  understood 
that  there  is  no  contention  that  these  provisional  criteria  of 
putrescibility  will  prove*  to  be  of  general  applicability,  under 
the  great  variety  of  conditions  encountered  in  the  practical  con- 
trol of  sewage  works. 
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Special  Analytical  Data, 

Storage  of  Samples,  Data  relative  to  the  eflfeet  of  storage 
of  samples  at  10  deg.  C.  upon  the  analytical  results  are  presented 
in  the  next  tables : 

Effect  of  Storage  for  24  Hours  at  10  deg.  C.  Upon  Samples 

of  Crude  Sewage  as  Shown  by  Changes  in  Oxygen 

Consumed  and  Nitrogen,  Respectively, 


Parts  pk;r  Mii^uon 

DaTB  OF 

Oxygen 
Consumed 

^    Nitrogen  as 

C0I<I.ECTI0N 

« 

Org-anic 

Free  Ammonia 

1905 

As  Col- 

24 Hours 

As  Col- 

24 Hours 

As  Col- 

24 Hours 

lected 

Storag-e 

lected 

Storag-e 

lected 

Storage 

January  14  . . 

62 

54 

13.2 

12.5 

6.0 

6.3 

15.. 

22 

21 

4.9 

4.2 

5.5 

6.8 

*       ,  16  . . 

67 

47 

7.3 

7.5 

7.0 

7.0 

17.. 

50 

40 

8.0 

6.7 

7.0 

8.0 

18.. 

65 

54 

6.5 

5.0 

6.8 

8.0 

21  . . 

51 

46 

10.3 

10.5 

6.5 

6.8 

22.. 

25 

22' 

4.5  ■ 

3.6 

5.1 

5.7 

24.. 

47 

38 

9.8 

7.6 

8.0 

9.4 

26.. 

106 

98 

15.2 

14.3 

7.7- 

9.4 

29  . . 

25 

24 

5.4 

4.9 

7.2 

7.8 

30.. 

49 

37 

5.6 

6.0 

5  0 

5.0 

31  .. 

72 

61 

10.9 

10.3 

7.5 

7.5 
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Efect  of  Storage  for  24.  Hours  at  10  deg.  C,  Upon  Samples 

of  Septic  Sewage  as  Shown  by  Changes  in  Oxygen 

Consumed  and  Nitrogen  Respectively. 


Parts  per  Mii^won 

Date  of 

Oxygen 
Consumed 

Nitrogen  as 

C01.1.ECT10N 

Org: 

anic 

Free  Ammonia 

1905 

As  Col- 

24 Hours 

As  Col- 

24 Hours 

As  Col- 

24 Hours 

lected 

Storag-e 

lected 

Storage 

lected 

Storage 

February  1. . 

41 

42 

6.5 

6.7 

9.0 

9.5 

2.. 

45 

44 

5.3 

5.6 

6.8 

6  8 

3., 

30 

29 

4.8 

4.8 

4.3 

4.3 

6.. 

49 

? 

7.4 

6.8 

3.8 

3.8 

7.. 

38 

35 

6.5 

6  3 

3.8 

3.8 

IS.. 

28 

25 

3.6 

4.0 

10.7 

10.2 

16.. 

33 

33 

4.2 

4.8 

10.3 

10.0 

17.. 

30 

29 

4.9 

5.1 

9.8 

9.8 

18.. 

38 

35 

5.6 

5.5 

12.0 

11.8 

22. . 

45 

45 

4.9 

5.2 

9.0 

8.7 

24.. 

32 

32 

3.4 

4.2 

8.7 

8.7 

25.. 

32 

34 

3.^ 

3.5 

7.3 

7.8 

26.. 

37 

36 

4.3 

4.3 

6.3 

6.3 

27.. 

23 

24 

2.9 

2.2 

6.0 

5.8 

March       2. . 

24 

•24 

3.^ 

4.2 

6.5 

6.3 

3.. 

21 

22 

3.6 

3.8 

6.2 

5.6 

4.. 

25 

24 

4.0 

4.6 

5.8 

6.0 

5.. 

27 

27 

3.9 

4.1 

8.6 

8.8 

6.. 

22 

22 

2.8 

2.8 

9.2 

9.4 

L 
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Effect  of  Storage  for  24  Hours  at  10  deg,  C.  Upon  the 
Composition  of  the  Effluents  of  Coarse-Grain  Filters. 


^ 

Parts  per  Mii^won 

r-t 

Oxygen 

1 

V 

Con- 
sumed 

Nitrogen  as           [ 

< 

Org-anic 

Free 
Ammonia 

• 

Nitrites 

Nitrates 

Datb 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

Sprinkling  Filter  B — 


11 

16 

16 

4.7 

4.7 

3.2 

3.2 

12 

33 

29 

3.9 

3.3 

3.2 

3.2 

13 

38 

■  •  •  • 

4.4 

4.5 

5.2 

5.2 

14 

33 

32 

5.6 

5.6 

4.8 

4.8 

IS 

22 

19 

4.1 

4.3 

4.8 

4.4 

Primary  Contact  Filter  B  — 


0.17 

0.17 

3.9 

4.1 

0.18 

2.10 

3.8 

0.0 

0.14 

1.20 

2.8 

0.0 

0.17 

0.70 

2.8 

1.8 

21 

15 

14 

f     1.6 

1.4 

4.1 

4.1 

0.02 

0.03 

0.5 

22 

8 

8 

0.9 

0.9 

2  8 

2.8 

0.02 

0.03 

3.7 

23 

9 

9  J 

2.7 

2.6 

5.7 

5.7    J 

0.03 

0.06 

1.7 

0.7 
3.6 
1.7 


Note  — A,  as  collected;  B,  after  storage  for  twenty  •four  hours. 

Storagre  of  nitrated  samples  indicates  that  there  is  a  certain  loss  of  nitrate  nitrogren 
due  to  denitrification.  In  all  cases  it  seems  expedient  to  make  special  immediate  anal- 
yses for  nitrified  nitrog-en  to  learn  whether  the  averagre  of  the  reg-ular  results  is  low, 
due  to  this  cause.  Immediate  analyses  made  at  this  station  of  portions  of  the  effluents 
of  sprinkling-  filters  during  twenty-four  hours,  indicate  that  the  averag-e  results  ob- 
tained were  equally  as  high. 
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Representative  Results  of  Certain  Analyses  in  Duplicate. 


Parts  per  Mii^won 

Date  of 

Oxygen 
Consumed 

Nitrogen  as 

C01.1.ECT10N 

1905 

Org-anic 

Free  Ammonia 

A 

B 

A 

B 

A 

B 

Crude  Sewage 

January    15 
16 

21 
67 

21 
68 

5.2 
7.5 

4.5 
7.1 

6.8 
7.0 

6.8 
7.0 

17 

50 

49 

8.2 

7.8 

7.0 

7.0 

18 

65 

65 

6.3 

6.6 

6.8 

6.8 

21 

50 

52 

11.0 

10.3 

6.6 

6.4 

22 

26 

24 

4.7 

4.3 

5.0 

5.2    . 

24 

46 

48 

9.6 

10.1 

8.0 

8.0 

25 

65 

64 

10.5 

9.8 

7.8 

7.8 

26 

105 

106 

15.6 

14.8 

7.5 

'     7.8 

29 

24 

26 

5.6 

5.2 

7.2 

7.2 

30 

48 

50 

5.8 

5.4 

5.0 

5.0 

Septic  Sewage 

* 

February   1 
2 

42 
44 

40 
46 

6.4 

5.5 

6.6 
5.1 

9.0 
6.8 

9.0 
6.8 

3 

30 

30 

4.9 

4.7 

4.3 

4.3 

10 

35 

34 

5.1 

5.2 

9.4 

9.4 

27 

23 

23 

2.9 

2.9 

6.3 

6.0 

28 

24 

23 

3.6 

3.6 

6.6 

6.4 

Appendix  III. 


TABLES  OF  USEFUL  EQUIVALENTS  FOR  COMPARING  CHEMICAL 

DATA   AND  FILTRATION  RECORDS. 

Volumetric  Conversion   Tables, 


Gallons 
U.  S. 

Gallons 

(British 

Imperial) 

Cubic 
Feet 

Cubic 
Yards 

Cubic 
Metres 

1  Gallon  (.U  S.) 

1  Gallon  (British  Imp.) 

1  Cubic  foot 

1  Cubic  Yard 

1.000 

1.201 

7.480 

291.974 

264.170 

0.833 

1.000 

6.229 

168.184 

219.975 

0.134 

0.161 

1.000 

27.000 

35.315 

.oo-ws 

.00595 
.0370 

1.000 

1.308 

.00379 
.00455 
.0283 
.765 

• 
1  Cubic  metre 

1.000 

Conversion   Tables  for  Chemical  Data, 


1  Part  per  1,000,000 

1  Grain  per  U.  S.  g-allon . . . 
1  Grain  per  British  g-allon. 
1  Pound  per  million  g-allon 
1  Ton  per  million  gallons. 


Parts 

per 

1,000,000 


1.000 
17.1 
14.24 
.120 
239.4 


Grains  per 

U.  S. 

Gallon 
231  cu.  in. 


0.0585 
1.000 
0.833 
O.0C7 
14.0 


Grains  per 
British 
Gallon 

277  cu.  in. 


0.0702 
1.201 
1,000 
0.CU841 
16.813 


Pounds 

per 

Million 

Gallons 

(U.  S.) 


8.354 
142.86 
119.00 
1.000 
2000 


Tons  per 
xu  ill  ion 
Gallons 

(U.  S.) 


.00418 
.0714 
.0595 
.X)005 
1.000 


One  part  per  million  is  one  part  by  weight  per  million  parts  by  volume. 
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Weights. 


Pounds 

Ounces 

Grains 

Grams 

1  Pound  .... 

1.000 

16.000 

7000.000 

453.592 

1  Ounce 

0.0625 

1.000 

437.500 

28.350 

1  Grain 

0.000143 

0.00286 

1.000 

0.0648 

1  Gram   

0.00220 

0.0353 

15  432 

1.000 

Rates  of  Filtration, 


1  Million  U.  S.  Gallons 
per  Acre 

1  Million  British  Gallons 
per  Acre 

1  U.  S.  Gallon  per  Square 
Yard .....  

1  British  Gallon  per 
Square  Yard 


Million  U.  S. 

Gallons 

per  Acre 


1.000 
1.201 
0.00484 
0.00581 


Million 
British  Gal- 
lons per  Acre 


U.  S.  Gallons 

per  Square 

Yard 


0.833 

206.612 

1.000 

248.140 

0.00403 

1.000 

0.00484 

1.201 

British 
Gallons  per 
Square  Yard 


172.046 

206.612 

0.833 

1.000 


APPENDIX  IV. 


DETAILED  RESULTS  OP  ANALYSIS  OP  CBUDE  SEWAGE. 
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APPENDIX  VII. 


DETAILED   RESULTS   OP   ANALYSIS  OP  INFLUENTS   AND 
EFFLUENTS  OF   CONTACT  FILTERS  AND  DETAIIiS 
OF  FEATURES  OF  OPERATION.      ' 


Results  of  Chemical  and  Bacterial  Analyses  of 
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Influent  and  Effluent  of  Primary  Contact  Fitter  B, 
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Leading  Data.  Regarding'  the  Operation  of 
Primary  Contact  Filters 
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Apr.  15  to 
April  24... 


M'y  8-15  22-29 
J»ne  5-12  19-26 


1 


57 


53 

1,800,000 

3 

25 

1,270,000 

2 

31 

463,000 

1 

80 

570,000 

1 

66 

l,10O,C0O 

2 

5 

750,000 

1 

57 

680,000 

3 

317 

950,000 

1.54 

3,  11  a.  m. 
7  p.  m. 

11  a.  m. 
7.  p.  m. 

11  a.  m.  or 
3  a.  m. 


7  a.  m. 

11,  7  a.  m.,  3 
a.  ni.,3p.  m 


11  a.  m. 

3,  11  a.  m. 

7  p.  m. 


2 

2 


0 


0 


1.25 

1.25 


3.75 
7.75 


1.2519.75 


2.25 


2.25 


20.75 


8.75 


1.00  20.00 


1.00 


4.C0 


43.1 
37.4 
34.5 
35.7 
35.0 
37.6 


37.0 
34.5 
33.9 
35.0 
37.6 


33.8 


43.133.8 


Primary  Contact  Filter  B. 
1 


8 


Aag".  14  to 
Oct.  5  . . . 


Oct.  6  to 
Opt.  30 . . 

Oct.  31  to 
Nov.  14. . 

Nov.  15  to 
Jan.  2.  . . 


Jan.  3  to 
F^b.  18 ... . 

Feb.  19  to 
Mar.  31.... 

April  1  to 
April  23... 

April  24  to 
May  1 


May  1  to 
June  27... 


Totals  and 
Averages 


Sept.  28  to 
Oct.  5 

53 

0 

25 

0 

15 

Nov.  23  to 
Nov.  30  , , . 

49 

Jan.  19  to 
Jan.  25.... 

47 

0 

41 

April  15  to 
April  23. . . 

24 

0 

6 

0 

57 

28 

317 

1,900,000 

3 

1,3TO,000 

2 

667,000 

1 

570,000 

1 

900,000 

2 

2,280,000 

3 

420,000 

1 

1,560,000 

2 

633,000 

3 

1,150,000 

2.01 

3,  11  a.  m. 
7  p.  m. 

2 

1.25 

3.75 

11  a.  m. 
7  p.  m. 

2 

1.25 

7.75 

11  a.  m.  or 
3  a.  m. 

2 

1.25 

19.75 

3  a.  m.  or 
7  a.  m. 

0 

2.25 

20.75 

7  a.  m. 
7  p.  m. 

0 

2.25 

8.75 

3,  11  a.  m. 
7  p.  m. 

0 

2.25 

4.25 

3  a.  m. 

12 

2.25 

8.75 

3  a.  m. 
7  p.  m. 

0 

2.25 

8.75 

3,  11  a.  m. 
7  p.  m. 

.2 

1.00 

4.00 

43.0  39.0 


40.0 


37.5 


36.9 


38.2 


37.5 


35.0 


40.6 


36.8 


47.0 


37.5 


36.9 


38.2 


37.5 


35.0 


36.8 


36.8 


31.9 


31.9 
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Leading  Data  Regarding  the  Operation  of 
Primary  Contact  Filters 


Period 

• 

Periods  in 

Pbr 
Cent. 

1904-5 

ad 

Net 

lOD. 
CRB. 

X 
O 

u  < 

Hours 

Cycle.   CHours) 

OF 

Voids 

Rested 

2i 

M 

^    as  ^ 
H    S   « 

<  0  2 

2£ 

OF 

Fillings 

5 

ha 

No. 

Date 

J  0 

te 

B 

be 

c 

c 

.V4 

a 

t« 

<  S 

K     »4    H 

ai  M 

» 

s 

•5 

fl 

•o 

c 

B 

AVK 

Fill 

a 

c 

be 

a 

Primary  Contact  Filter  C. 

Autf.  18  to 

Sept.  30  . 
Oct.  1  ID 

Oct.  30  . . 
Oct.  31  to 

Nov.  20.. 
Nov,  21  to 

Feb.  18.. 
Feb.  19  to 

April  26. 
April  26  to 

May  2. . . 
May  3  to 

Jane  27.. 


Totals  and 
Averages 


0 


Nov.  23-Dec.5 
Jan.  18-25 
Feb.  1-18 
0 


0 


36 


44 

2,260»000 

3 

30 

1,640,000 

2 

21 

837,000 

1 

91 

444,000 

1 

66 

1,540,000 

2 

7 

1,017,000 

1.5 

54 

1,250,000 

1.5 

313 

1,230,000 

1.5 

4  a.  m  ,12m. 

8  p.  m. 

9  a.  m. 
5  p.  m. 

9  a.  m. 

9  or  4  a.  m. 

or  4  p.  m. 

Ip.m.  3a.m. 

or  9,  3  p.  ni. 

3, 11  a.  m. 

7  p.  m. 

3,  11  a.  m. 

7  p.  m. 


2.00 

2 

1 

3.00 

54.0 

1.00 

2 

1 

8.00 

46.8 

1.00 

2 

1 

20.00 

47.2 

1.00 

0 

3 

20.00 

46.2 

0.75 

0 

3 

8.25 

43.4 

1.00 

0 

1 

14.00 

43.4 

1.00 

•  ■  > 

2 

1 

■  •  •  • 

12.00 

42.7 
54.0 

46.8 
47.2 
46.2 
43.4 
43.4 
42.7 
45.8 

45.8 


Primary  Contact  Filter  D. 


Anif.  18  to 

6  a.  m. 

1 

Sept.  5 

Oct.  1  to 

0 

44 

2,200,000 

3 

2,  10  p.  m. 
10  a.  m. 

2.00 

2 

1 

3.00 

54.0 

47.6 

2 

Oct.  30  ... . 
Oct.  31  to 

0 

30 

1,058,000 

2, 

6  p.  m. 

1.00 

2 

1 

8.00 

47.6 

46.4 

3 

Nov.  20. . . . 
Nov.  21  to 

0 
Nov.  23  to 

21 

819,000 

1 

10  a.  m. 
10  p.  m.  or 

1.00 

2 

1 

20.00 

46.4 

44.5 

4 

Dec.  7 

Dec.  8  to 

Dec.  5 

18 

189,000 

1 

5  a.  m. 
7  p.  m.  or 

l.OO 

0 

3 

20.00 

44.5 

43.5 

5* 

Dec.  23.... 
Dec.  24  to 

0 

16 

1,700,000 

2 

7  a.  m. 

43.5 

44  6 

6 

Jan.  1 

Jan.  2  to 

0 
Jan.  18  25 

9 

801,000 

1 

5.  a  m. 
8  a.  m. 

1.00 

0 

3 

20.00 

44.6 

42.5 

7 

Feb.  18.... 
Feb.  19  td 

Feb.  1  18 

48 

771,000 

2 

5  p.  m. 
5  a.  m. 

1.00 

0 

3 

8.00 

42.5 

43.7 

8 

Mar.  31 ... 
April  1  to 

0 

41 

2,338,000 

3 

2,  10  p.  m. 
4  a.  m. 

0.75 

0 

3 

4.25 

43.7 

43.3 

9 

April  4... 
April  4  to 

0 

^ 

1,222,000 

2 

4  p.  m. 
4  a.  m. 

0.75 

0 

3 

8.25 

43.3 

43.3 

10** 

April  26... 

0 

22 

1,462,000 

2 

4  p,  m. 

0.75 

0 

3 

8.25 

43.3 

40.7 

April  26  to 

3,  11  a.  m. 

11 

May  2 
May  3  to 

0 

7 

1,170,000 

1.5 

7  p.  m. 
3,  11  a.  m. 

1.00 

0 

1 

14.00 

40.7 

44.9 

12 

Jane  27  .  . 

0 

54 

1,192,000 

1.5 

7  p.  m. 

1.00 

4 

1 

10.00 

44.9 

44.7 

Totals  and 

Averaires 

36 

313 

1,400,000 

1.74 

54.0 

44  7 

Primary  Contact  Filter  E.  *** 

April  1  to 

May  1. .. 
May  1  to 

June  19  . 


1 
2 


Totals  and 
Averages 


May  8-22,  29 
to  June' 12 


28 


(' 


30 
49 


79 


1,240,000 

2 

777,000 

3 

953,000 

1.51 

3  a.  m. 

3  p.  m. 

3,   11  a.  m 

7  p.  m. 


1 

1 


2 

2 


2 
1 


7 
4 


40.8 
38.8 

40.8 


38.8 
37.8 

37.8 


*  Operated  as  a  sprinkling  filter  during  this  period.  Rate  of  treatment 
equivalent  to  2  fillings  per  day. 

**  Influent  aerated  daring  this  period. 

*♦*  This  filter  was  originally  Sprinkling  Filter  A,  which  was  discontinued 
as  such  on  April  1,  1905,  and  operated  thereafter  as  a  contact  filter. 


Results  of  Chemical  and  Bacterial  Analyses  of 


INFLUENT 

Tbm- 

PBR- 

ATUKX 

Deo.  F. 

PABTS   PEB   MiTJilON 

CJ 

Residue  on  Evapobation 

1904-5 

a 

I 

NiTROOBN  AS 

Q 
H 

O 
CQ 
08 

M 

Q 

A  w^m^    "^ 

Total 

Volatile 

Fixed 

Datb 

a 

0 

a 

•d 

•d 

•d 

a 

•d 

«; 

•d 

4) 

•d 

V 

M  2: 

a 

s 

^ 

s 

o 

c 

O 

OB 

CD 
« 

(4 
U 

a 

0 

> 

OB 

•d 

a 

& 

00 

a 

> 
o 

aa 

09 

•«4 

•d 

a 

s. 

OB 

H 

74 

M 

O 

O 
4.6 

18.2 

0.00 

0.2 

926 

906 

09 
20 

90 

76 

in 

14 

836 

Q 
830 

6 

O 

Sept..   2 

74 

49 

0.0 

13,000,000 

'•  .     3 

73 
72 

73 
72 

13 
20 

2.3 
3.9 

6.6 
11.1 

0.00 
0.00 

0.0 
0.2 

926 
826 

906 
816 

20 
10 

90 
110 

76 
102 

14 
8 

836 
716 

830 
714 

6 
2 

0.0 
0.0 

»*  ..  10 

2,7ob,6bb 

**  . .  11 

72 
68 

70 
68 

12 

•  •  •  * 

2.4 
4,1 

7.1 
10.4 

0.00 
0.00 

0.2 
0.1 

826 
824 

816 
810 

10 
14 

110 
o8 

102 
66 

8 
2 

716 
756 

714 
744 

2 
12 

0.0 
0.0 

"  ..  23 

3,bbb.66o 

Oct...   6 

68 

64 

32 

5.4 

13.8 

3.20 

0.0 

1120 

1082 

38 

146 

118 

28 

974 

%4 

10 

0.0 

3.000,OC«0 

"  . .  13 

67 

65 

20 

3.4 

9.2 

0.00 

0.2 

892 

878 

14 

82 

70 

12 

810 

808 

2 

0.0 

1,400.U10 

"  ..  20 

64 

62 

35 

5.1 

9.9 

0.00 

O.l 

872 

846 

26 

86 

72 

14 

786 

774 

12 

0.0 

4,800.0)0 

♦•  ..  29 

62 

61 

20 

3.2 

13.3 

0.00 

0.3 

932 

8% 

36 

76 

72 

4 

856 

824 

32 

00 

700,000 

Nov..   3 

62 

59 

22 

6.5 

13.1 

0.00 

0.1 

892 

868 

24 

96 

86 

10 

7% 

782 

14 

0.0 

2.200.AO 

"  . .  12 

59 

56 

22 

6.2 

12.2 

0.00 

0.2 

926 

892 

34 

90 

58 

32 

836 

«M 

2 

0-0 

2,7U),000 

**  ..  20 

59 
56 

56 
52 

18 
15 

4.4 
4.6 

10.3 
13.2 

0.42 
0.76 

0.0 

7.5 

770 
%8 

738 
944 

32 
24 

76 
124 

70 
102 

6 
22 

694 
844 

668 
842 

26    0.0 
2    0.5 

Dec...  1 

75.6cO 

•*  ..    8 

55 

54 

11 

2.6 

6.9 

0.40 

1.6 

752 

742 

10 

50 

48 

2 

702 

694 

8 

0.1 

l,600,tl.^ 

"  ..  15 

52 

52 

10 

4.7 

5.4 

0.12 

12.9 

750 

746 

4 

50 

48 

2 

70» 

698 

2 

o.l 

44O.IX10 

•*  ..22 

49 

48 

21 

5.7 

5.9 

0.14 

1.5 

846 

792 

54 

36 

36 

0 

810 

756 

54 

0.0 

960,000 

*»  . ,  29 

45 

46 

9 

2.2 

2.6 

0.10 

5.3 

762 

748 

14 

40 

36 

4 

722 

712 

10 

1.6 

SSO.OiO 

Jan..*  6 

52 

50 

•  ■  •  • 

•  ■  ■  % 

•  •  •  • 

•  •  •  • 

•  •  •  • 

650,0n» 

♦*  ..  17 

50 

52 

io' 

"dh 

iis 

6.'24 

0.0 

832 

802 

30 

60 

50 

10 

772 

'752 

"iV 

'o.'i 

41.IJXN) 

•♦  .    26 

4S 

48 

11 

1.8 

2.9 

0.26 

17.1 

7<>2 

776 

16 

120 

106 

14 

672 

670 

2 

0.3 

F=VtJ^  0 

"  .    31 

51 

51 

14 

28 

2.6 

0.08 

1.8 

764 

750 

14 

H4 

96 

8 

6t0 

654 

6 

0.0 

650.t»> 

Feb...   7 

52 

46 

5 

1.6 

1.7 

0.18 

0.6 

840 

832 

8 

74 

72 

2 

766 

760 

6 

0.1 

fc5Ji»^ 

"  . .  14 

44 

41 

8 

1.1 

2.2 

0.12 

2.8 

698 

686 

12 

72 

70 

2 

626 

616 

10 

04 

330  .^  •> 

»•  ..25 

44 

44 

32 

2.9 

4.8 

0.02 

0.4 

620 

518 

102 

98 

70 

28 

522 

448!  74 

0.2 

l,Ci>«<i«> 

Mar..   4 

47 

48 

28 

3.5 

15.7 

0.16 

1.7 

630 

604 

26 

72 

66 

6 

5Sd 

538   20 

0-1 

C^  • '  i*^  u 

»*  . .  11 

47 

46 

25 

3.3 

9.4 

0.01 

0.5 

670 

630 

40 

72 

62 

10 

598 

568   30 

ao 

T?0.-.».^ 

"  .    21 

51 

.SI 

16 

1.5 

7.4 

0.24 

0.1 

672 

640| 

32 

84 

80 

4 

,S88 

560  28 

06 

5£0.  t^J 

*♦  ..29 

58 

58 

57 

5.3 

17.3 

0.00 

0.2 

1402  135SI 

44 

124 

104 

20 

12*8 

1254   24 

0-0 

2,Tv«-»  '•»» 

May..    1 

58 

58 

8 

1.4 

1.5 

0.14 

5.0 

628 

614 

14 

56 

56 

0 

572 

558   14 

0.2 

^>-^  ••> 

••  ..    7 

e>2 

63 

17 

2.9 

11,0 

0.01 

0,0 

886 

878 

8 

94 

88 

6 

792 

790     2 

oa 

JT*'**^ 

"  . .  16 

59 

58 

12 

1.8 

2,9 

0.13 

0.5 

798 

738 

60 

64 

40 

24 

734 

696   36  >0.0| 

*3t*   it> 

"  ..25 

61 

58 

9 

2.3 

3,6 

0.02 

0.4 

788 

780 

8 

54 

48 

6 

734 

73> 

2  «  0.0 1 

1  7*.»   •••♦ 

Jane..  3 

62 

62 

51 

1.8 

7.2 

0.00 

0.3 

942 

934 

8 

1.S8 

154 

4 

784 

780 

4    00: 

ISO   . «.» 

"  .    10 

64 

67 

12 

2.3 

5.1 

0.03 

0.3 

686 

664 

22     64 

52 

12 

622 

612:  10    00  J 

23>\  ••♦ 

•*  . .  18 

t)7 

68 

7 

1.9 

2,7 

0.22 

3.1 

»)b 

7'>4 

12     98 

90 

8 

708   70I,    4     aol 

*0.  ill 

»*     .27 

b9 

68 

67 

29.0  2S.o:o.02 

0.8 

906 

824 

82   104 

88 

16     802   73b!  66     ao , 
1        •        1 

l-^X-  -i.O 

Started  September  1«  1904.  Received  effluent  of  Primary  Contact  Filter  B. 
▼«mber  22  to  December  1;  January  19  to  25;  March  31  to  April  25.  (Material 
inspection).    Discontinued  Jane  Zl* 


No- 

for 


(448) 


Infiuent  and  Effluent  of  Secondary  Contact  Filter  A. 


EFFLUENT 


Q 

&4 

Parts  Per  Million 

0 
M 

> 
•J 

o 

H 

a 
p 

Nitrogen  as 

Residue  on  Evaporation 

>< 

u 

09 

H 

Total 

Volatile 

Fixed 

n 

a 

•-•  en 

sg 

.  t> 

ca 

a 

10 

M 

04     H 

h  o 

2 

o 

■ 

^4 

-) 

H 

PQ  ^ 

8 

H 

o 

a 

a 
s 
< 

1 

so 

1 

•d 

•d 

'0 

Q 

M 

n 
5 

(0 

M 

Bacteria 
Cbntim 

O 

39 
17 
19 

O 

4.8 
4.0 
2.6 

18.6 

7.4 

10.2 

.«4 

u 
♦J 

z 

0.00 
0.00 
0.00 

2 
z 

0.0 
0.2 
0.2 

3 

866 
866 
824 

s 

CO 

3 

0 

Q 

CO 

3 
e2 

to 
CO 

C9 

5 

3.00 

860 
860 
808 

6 

6 

16 

4- 

3.00 

- 

5,000,000 
2,700,000 

3.<X) 

96 

94 

2 

728 

714 

14 

0.0 

3.00 

17 

»  •  •  • 

2.4 
3.9 

8.8 
9.6 

0.00 
0.00 

0.1 
0.6 

824 
821 

808 
796 

16 

25 

% 
94 

94 
72 

2 

22 

728 
728 

714 
724 

14 
4 

0.0 
0.1 

^ 

- 

2.92 

? 

2,200,000 

1.31 

24 

3.8 

9.5 

5.00 

0.8 

1114 

1102 

12 

108 

100 

8 

1006 

1002 

4 

3.4 

? 

1,400,000 

2.00 

14 

0.7 

6.7 

0.40 

0.8 

886 

872 

14 

62 

58 

4 

824 

814 

10 

0.1 

0 

370,000 

2.00 

19 

2.7 

6.8 

2.00 

0.0 

852 

836 

16 

66 

64 

2 

786 

774 

14 

0.0 

-f 

1,100,000 

2.00 

14 

3.3 

9.5 

0.52 

0.5 

906 

882 

24 

72 

60 

12 

834 

822 

12 

0.0 

? 

500,000 

1.20 

16 

4.8 

9.8 

0.16 

3.0 

890 

870 

20 

% 

80 

16 

794 

790 

4 

0.0 

0 

1,300,000 

1.00 

14 

3.1 

9.4 

0.03 

1.1 

916 

902 

14 

58 

58 

0 

858 

844 

14 

0.1 

0 

1,400,000 

0.75 

12 

3.1 

9.3 

0.28 

5.2 

790 

776 

14 

84 

80 

4 

7(6 

6% 

10 

0.1 

0 

1,200,000 

0.27 

15 

6.2 

6.0 

0.70 

29.0 

960 

932 

28 

104 

102 

2 

856 

830 

26 

7.9 

0 

150,000 

1.00 

10 

2.5 

3.4 

0.20 

3.0 

752 

738 

14 

44 

34 

10 

708 

704 

4 

2.5 

0 

1,100,000 

1.00 

10 

2.7 

5.6 

0.09 

2.9 

750 

7,18 

12 

52 

42 

10 

698 

6% 

2 

1.6 

0 

300,000 

1.00 

7 

2.5 

3.7 

0.14 

2.3 

784 

780 

4 

30 

28 

2 

754 

7.S2 

2 

9.4 
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DETAILED   RESULTS   OF   ANALYSIS  OF  INFLUENTS   AND 
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940 

846 

94 

195 

124 

71 

745 

722 

23 

750.1"" 

«             15 

45 

43 

41 

5.7 

11.0 

886 

826 

60 

174 

130 

44 

712 

696 

16 

15.1 »  1 

"            23 

47 

42 

38 

7.3 

9.7 

750 

670 

80 

146 

108 

38 

604 

562 

42 

l,5tH).M"t 

March          1 

42 

42 

45 

7.2 

6.2 

662 

.5.16 

126 

142 

86 

56 

520 

450 

70 

550.'  'J 

"            13 

48 

44 

X^ 

6.0 

6.6 

798 

696 

102 

142 

90 

52 

656 

606 

50 

65il."«> 

"            17 

S3 

51 

44 

7.1 

12.3 

986 

808 

178 

186 

104 

82 

800 

704 

% 

l,10l\  "(O 

»*            25 

57 

56 

60 

8.5 

10.3 

980 

806 

174 

212 

144 

68  768 

662 

106 

SOO.OiO 

Started  Aue-ust  14, 1904.  ReceiTed  effluent  of  grit  chamber.  Flushed  November  1 
and  rested  to  November  8.  Started  November  8  and  operated  with  one  hoar  rest  every 
eig-ht  hours  to  December?.  Rested  December  12  to  16.  Rebuilt  January  1.  Bei?aa 
alternate  runs  and  rests  of  three  days  each.  Rested  January  4  to  6, 10  to  1Z»  16  to  18.  22 
to  24,  28  to  30;  February  3  to  5,  9  to  11,15  to  17,  21  to  23,  27  to  March  1,  5  to  7, 11  to  13, 17  to 
19,  23  to  25, 29  to  31.    Shut  down  March  31 ,  1905. 
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Jnfiuent  and  Effluent  of  Sprinkling  Filter  A, 

EFFLUENT 


Results  of  Chemical  and  Bacterial  Analyses  of 


„     -    -  r -.,-„.. to  December  7.  when  longer 

dally  resla  were  altemnted,  lareelT  in  the  middle  of  (licdav  due  to  (reeiioir  condiliDii* 
atalfrtat.  Re3tedJaauarTl,9:00a.m.,toJantiaryS,lI:0aa.m.;  Janoarj  16,8:09  a.  D.,  to 

■ -n  8:00  a.  m.:  January  31.a:00a.  11).  lo  February  7, 9:00  a.  m.    Filled  once  as> 

ir  af let  each  reel.  Re-ited  February  16, 9:00  a.  «.„  to  Febrnary  13, 1:00  a.  m.; 
:00  a.  m.,  to  March  10.  9:00  a.  m.  Du?  orer  three  inctaee  deep  March  IK. 
■ch  18, 1:00  p.  m.,  lo  March  15, 12:05.  a.m.;  April  3, 8:00  a.  m.,  to  April  22.  n;i» 
Junr^iws''''""'  '"^"  ■  ^^"^  ^"'■^'^  "  ""  '^  """■  '  ■*«""'  ■ 
after  April  22.  1905,  the  eXuenI  of  Seplic  Tank  C  was  applied  to  SpTink' 
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Influent  and  Effluent  of  Sprinkling  Filter  B. 

EFFLUENT 


Results  of  Chemical  and  Bacterial  Analyses  of 


»            _ 

Tem- 

INFLUENT 

PBR- 
ATURB 

dkg.  F. 

Parts  pes  Million 

s 

p 

QQ 

0 
CJ 

H 

o 

NlTRO- 
GBN  AS 

Residue  on  Etapobation 

Date  1904-5 

a 

0 

Total 

Volatile 

Fixed 

'a 

u 

o 

(4 

C 

o 

a 

8 

< 

P4  S 

I- 

< 

c4 

t 

F4 

o 

OD 
OD 

5 

a; 

c 

OD 

a 

> 

CO 

Q 

a 

& 

09 

a 
CO 

F4 

*•* 
o 

•s 

FH 

CO 

5 

&) 
■o 
a 
« 
a 

n 

c» 

AufiTUst..     20. 

"            25 

*'            26 

.... 

"             27 

0 

September  5 

13 

21 

*'             29 

October...   3 

8 

17 

25 

November.  7 

14 

"            21 

"            28 

December.  9 

16 

"            23 

"            30 

January..  10 

24 

'*             29 

February.  11 

15 

*'             23 

March          1 

"            13 

"            17 

"            25 

April            2 

13 

"            23 

"            29 

May              7 

15 

**            31 

June              8 

**            15 

"            24 

69 
70 
66 
74 
68 
67 
63 
61 
60 
57 
59 
56 
54 
52 
49 
49 
52 
48 
48 
46 
44 
46 
43 
47 
53 
55 
56 
58 
55 
62 
62 
62 
63 
68 
67 
68 

69 
70 
66 
71 
65 
66 
62 
58 
58 
54 
57 
53 
52 
49 
48 
42 
46 
45 
44 
44 
40 
44 
42 
45 
53 
55 
56 
57 
53 
60 
60 
63 
63 
68 
68 
70 

26 
38 

41 
41 

40 
43 
40 
39 
42 
43 
38 
38 
75 
34 
33 
42 
27 

42 
35 
36 
17 
40 
34 
49 
29 
39 
23 
20 
27 
28 
36 
34 
50 
34 

4.6 
8.5 
6.0 
5.0 
7.0 
5.9 
6.8 
8.4 
8.3 
5.6 
8.6 
8.5 
9.8 
7.5 
11.5 
6.7 
8.4 
8.7 
5.0 
6.4 
4.7 
3.4 
7.9 
6.6 
7.4 
6.2 
2.8 
4.7 
3.5 
3.2 
4.7 
5.2 
6.9 
4.3 
8.2 
3.6 

13.4 

13.1 

11.5 

10.8 

11.0 

11.8 

11.9 

14.8 

16.0 

16.0 

18.0 

16.9 

15.5 

13.4 

17.1 

6.1 

10.3 

11.3 

10.0 

10.8 

11.0 

9.3 

7.0 

9.0 

12.0 

10.4 

15.3 

12.8 

6.4 

7.8 

13.0 

3.2 

7.3 

5.0 

10.0 

10.0 

894 
980 
868 
860 
884 
912 
878 
886 
950 
952 
866 
926 
930 
944 
1048 
904 
928 
882 
802 
904 
840 
722 
600 
812 
884 
880 
842 
872 
558 
740 
828 
680 
808 
6% 
9% 
864 

858 
8«6 
800 
802 
820 
854 
826 
810 
890 
864 
832 
840 
888 
872 
782 
828 
852 
816 
762 
856 
802 
650 
522 
740 
814 
802 
794 
778 
502 
658 
766 
528 
676 
502 
858 
730 

36 
94 
68 
58 
64 
58 
52 
76 
60 
88 
34 
86 
42 
72 
266 
76 
76 
66 
40 
48 
38 
72 
78 
72 
70 
78 
48 
94 
56 
82 
62 
152 
132 
194 
138 
134 

172 
226 
138 
114 
126 
124 
152 
158 
168 
180 
80 
124 
154 
116 
208 
126 
118 
156 
114 
150 
148 
134 

no 

144 

144 

170 

128 

148 

50 

86 

72 

100 

136 

74 

182 

132 

138 

162 

94 

86 

,  86 

112 

110 

108 

132 

126 

70 

94 

124 

90 

132 

92 

64 

104 

88 

106 

114 

100 

76 

110 

110 

108 

92 

110 

48 

58 

50 

62 

108 

40 

174 

104 

34 
64 
44 
28 
40 
12 
42 
50 
36 
54 
10 
30 
30 
26 
76 
34 
54 
52 
26 
44 
34 
34 
34 
34 
34 
62 
36 
38 

2 
28 
22 
38 
28 
34 

8 
28 

722 
754 
730 
746 
758 
788 
726 
728 
782 
772 
786 
802 
776 
828 
84u 
778 
810 
726 
6S8 
754 
692 
588 
490 
668 
740 
710 
714 
724 
508 
654 
756 
580 
672 
622 
814 
732 

720 
724 
706 
716 
734 
742 
716 
702 
758 
738 
762 
746 
764 
782 
650 
736 
788 
712 
674 
750 
688 
550 
446 
630 
704 
694 
702 
668 
454 
600 
716 
466 
568 
462 
684 
626 

2 

30 

24 

30 

24 

46 

10 

26 

24 

34 

24 

56 

12 

46 

190 

42 

22 

14 

14 

4 

4 

38 

44 

38 

36 

16 

12 

56 

54 

54 

40 

114 

104 

160 

130 

106 

9,500,000 
9,500,000 

3-666,666 

6,500.000 

5,566.606 
9.0()o.aH) 

6.00il,(XX) 
3,(.iO0.(X» 
3,5tK\(NHj 

2.300  000 
3.30i>,0<  0 
1  80<»,UH) 
4,200.1  HJO 
4,300,000 

'2,86o!66o 
1.3aVKiO 
1,600,100 
430,000 
1,400.(M.H) 
1.100,1)00 
1,200,(K»0 
2,100,tK«0 
1,400,000 

3.oa»,(.'Oo 

3,900.t00 
1,500.000 
2,700.000 
230,0*0 
6.SO,000 
4,600,000 
2,000,01 0 

'2,506,666 

Started  Aug-ust  7, 1904.  ReceiTed  plain  settled  sewag-e.  Sprinkling-  nozzle  used,  be- 
g-inning*  November  5  and  operated  with  one  hour  rest  every  eight  hours.  (See  notes  under 
Filter  B  for  rests  durinff  cold  weather.)  December  24,  began  applying*  effluent  of  Septic 
TankC.  Short  rests  stopped  January  1.  Rested  January  1,9:00  a.  m.,  to  January  8.  11:00 
a.  m.;  January  16,  8:00  a.  m.,  to  January  23, 8:00  a.  m.;  January  31,  8:00  a.  m.  to  Febru- 
ary 7,  9:00  a.  m. ;  February  16,  9:00  a.  m.,  to  February  23, 1 :00  a.  m. ;  March  3, 8:00  a.  m., 
to  March  10,  9:00  a.  m.;  March  18, 1.00  p.  m.,  to  March  25, 12:05  p.  m.  Dug  over  three 
inches  deep  March  18.  Rested  April  3, 8:00  a.  m.,  to  April  10, 8:00  a.  m.;  April  17,  9:00  a. 
m.,  to  April  22, 11:00  a.  m.  Material  removed  April  22.  From  April  25  on,  rested  eiir^t 
hours  daily,  12:00  p.  m.,  to  8.00  a.  m.    Rested  also  May  23  to  29  inclusive. 

Received  efiluent  of  Plain  Settling  Tank  A  until  December  26, 1904;  Septic  Tank  C 
thereafter.  *  »         »       f 
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Influent  and  Effluent  of  Sprinkling  Filter  C. 

EFFLUENT 
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Results  of  Chemical  and  Bacterial  Analyses  of 

% 
i 


9,500,000 
9.500.001) 
3.0O0.00O 

6^500.000 


Started  Kagaat  1, 1904.  Received  plain  Bcltled  sewafre.  Noizle  used,  betfinning  No- 
vember 5.  Operated  same  as  Filler  C  ontM  Jaaaari  1.  Itesled  Januar;  1.  9:00  a.  m.,  lo 
Januarys,  11:00  a.  m,:JanaaiT  16,  8:00  a.  m.,  to  January  23,8:00  a.m.;  JiBoaty  31.8:00 
a.  ro.  to  February  7,  lO^OOa,  m. ;  Febtnary  1*,  9:00a.  m.,  to  February  23, 1  ;00a.  n..;  Mateb 
3.  S:00  a.  m.,  lo  March  10.  9:00  a.  ni.  Duff  over  tbree  incbee  deea  Marcb  la  Rested 
March  18,  1.00  p,  ni.,  to  Marcb  IS,  12:05  p.  m.;  April  3, 8:00  a.  m..  to  April  10.  8:00  a.  m,; 

a^ec  April;:.    Rested'  Ma'ySlo?  rnclusiTel^Jiine2'*oa  iaclusfve?  June  17  lo  23  inclu- 
sive.   Sbnl  down  June  25.    Be«l*cd  i  ~  -     .      -  - _ 

1905;  Septic  Tank  C  ttaercafier. 


Infiuent  and  Effluent  of  Sprinkling  Filter  D, 
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Results  of  Chemical  and  Bacterial  Analyses  of 


INFLDENT 
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42 
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Si 
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1,100.000 

4.3001000 

2|30o|ooo 

1.600.000 

3.200,000 

6,500;O00 

2;4oo;oou 

ii  26,  190S;    Septic  Tanli 


Rested  as  falloi 


March  1;  Marcb  5  to  1.  II  to  13,  11  in  1?.  23  to  25. 24  tt 
operalioo  atid  rest.  Rested  AprLl  3.8;00a.  m.,  to  Ap 
April  16.  April  26  beif  ad  to  operate  aa  a  contact  filte 
Jode  26,  ISmT 


Influent  and  Effluent  of  Sprinkling  Filter  E. 


EFFLUENT 


; 

Pabts  Per  Millxo 

i" 
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Hesults  of  Chemical  and  Bacterial  Analyses  of 


FebrD*m6,  9  a,  Tii.ioFebriiarT23.la.  m.;  Marct 
Harcta  18,  1  p.  m.  toMarcb  25,ia:05a.  m.;  April  3 
8  a,  m.  to  April  2i  U  a.  m.;  May  ZJ.»,  InclnBW. 
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Infiuent  and  Effluent  of  Sprinkling  Filter  F, 


EFFLUENT 


Parts  Per  Million 
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100 

92 

8 

806 

694 

112 

2.6 

0 

3,700,000 

2.16 

15 

1.8 

5.0 

0.80 

3.3 

7% 

734 

62 

118 

110 

8 

678 

624 

54 

6.9 

0 

700,000 

(465) 


k 


Appendix  IX. 


DETAILED  RESULTS  OF  ANALYSIS  OF  SETTLED  EFFLUENTS 

OF  SPRINKLING  FILTERS. 
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APPENDIX  X. 


THE  COPPER  TREATMENT  OF  SEWAGE  EFFLUENTS. 

There  are  in  general  terms  two  methods  of  disposing  of 
sewage:  First,  by  dispersion  into  large  bodies  of  water;  and, 
second,  by  artificial  methods  of  purification.  These  latter  pro- 
cesses may  include  filters  of  fine  grain  material,  or  the  coarse 
grain  contact  filter,  or  sprinkling  filter.  While  the  fine  grain 
filter  may  yield  an  effluent  of  high  gra,de  purity  showing  a 
bacterial  removal  of  upwards  of  99  per  cent.,  the  coarse-grain 
filter,  even  when  receiving  septic  sewage,  will  remove  only  about 
90  per  cent,  of  the  applied  bacteria.  Available  data  indicate  that 
the  removal  by  either  process  of  applied  pathogenic  and  non- 
pathogenic bacteria  is  in  fairly  direct  proportion,  generally 
speaking,  although,  of  course,  saprophritic  bacteria  may  multiply 
within  the  tanks  or  filters,  so  as  to  obscure  the  true  removal  a» 
explained  on  p.  98.  Under  some  conditions  it  might  be  ad- 
vantageous to  employ  a  germicide,  such  as  sulphate  of  copper,  as 
a  final  treatment  for  sewage  effluents  of  doubtful  bacterial 
purity.  As  mentioned  on  p.  299,  the  application  of  copper  sul- 
phate to  sewage  and  sewage  effluents  was  given  considerable  at- 
tention during  these  tests.  In  the  following  pages  these  data  are 
summarized,  including  certain  information  relative  to  methods 
of  testing  the  longevity  of  the  typhoid  bacillus  in  water  and  in 
sewage. 

The  self-purification  of  streams  in  relation  to  the  discharge 
therein  of  sewage  effluents  is,  of  course,  closely  related  to  the 
length  of  life  of  the  typhoid  bacillus  in  water,  which,  like  other 
pathogenic  forms  of  bacteria  is  destroyed  by  natural  agencies  in 
the  water  or  by  the  application  of  germicidal  chemicals.  In  this 
connection  it  is  of  interest  to  note  the  information  obtained 
during  a  study  of  the  copper  treatment  of  sewage  effluents  upon, 
the  question  of  methods  of  testing  the  longevity  of  the  typhoid 
bacillus  in  sewage  and  water. 

Methods  of  Testing  the  Longevity  of  the  Typhoid 
BacilUis  in  Sewage  and  Water. 

Quite  recently  two  very  similar  investigations  of  a  particu- 
larly extensive  nature  have  been  carried  out.  The  methods  em- 
ployed in  studying  the  longevity  of  the  typhoid  bacillus  were 
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substantially  the  same  and  consisted  in  suspending  sacs  com- 
posed of  collodion,  parchment,  or  celloidin,  containing  known 
quantities  of  typhoid  bacilli,  in  flowing  streams  of  crude  and 
diluted  sewages  and  in  Lake  Michigan  water,  respectively.  At 
intervals  the  numbers  of  bacteria  in  the  sacs  were  most  carefully 
determined  by  the  most  modern  methods.  The  use  of  these  sacs 
was  considered  an  improvement  over  glass  containers  in  that  the 
bacteria  while  confined,  were  exposed  through  dialysis  to  the 
same  conditions  as  existed  in  the  water  in  which  they  were  im- 
mersed. The  results  of  one  of  these  investigations  ^  showed  that 
95  per  cent,  of  the  tjrphoid  organisms  died  out  in  running 
streams  of  Lake  Michigan  water  in  a  week  or  ten  days,  following 
which  there  appeared  to  be  no  further  reduction;  the  other  in- 
vestigation -  indicated  a  complete  destruction  of  the  typhoid 
bf.cilli  in  ten  days  in  water,  while  in  streams  of  crude  and 
diluted  sewage,  respectively,  all  the  germs  were  destroyed  in 
from  three  to  five  days. 

These  somewhat  conflicting  data  (the  conclusions  of  Frost 
and  of  Jordan,  Russell  and  Zeit,  respectively)  suggest  the  pos- 
sibility that  the  collodion  sacs  offered  less  opportunity  for  the 
exit  of  the  highly  motile  typhoid  bacilli  through  the  walls  of  the 
sacs  than  did  the  sacs  of  parchment.  If  this  were  not  so,  the 
thought  presents  itself  that  possibly  after  several  days  of  service 
the  initial  integrity  of  the  parchment  sacs  was  impaired  to  an 
extent  sufficient  to  permit  of  the  escape  therefrom  of  the  typhoid 
bacilli.  To  place  such  studies  as  these  upon  a  perfectly  sound 
basis  certain  definite  statements  seemed  called  for  as  to  whether 
the  initial  integrity  of  the  sacs  containing  the  t3T)hoid  bacilli 
remained  unimpaired  throughout  the  experiment. 

Results  obtained  during  these  tests  at  Columbus  have  shown 
that  parchment  sacs  which  possessed  perfect  integrity  initially 
so  far  as  their  dialyzing  properties  were  concerned  permitted  the 
escape  of  bacillus-  coli  when  immersed  in  sterilized  distilled  water 
and  similarly  when  submerged  in  flowmg  sewage  permitted  the 
entrance  in  a  comparatively  short  time  of  large  numbers  of 
motile  bacteria,  including  bacillus  coli.  Although  typhoid  bacilli 
were  not  studied  in  this  connection,  in  view  of  the  highly  motile 
character  of  the  typhoid  bacillus,  the  conclusion  may  justly  be 
drawn  that  if  less  motile  forms  could  pass  through  the  walls  of 
unpunctured  parchment  sacs,  there  is  no  reasonable  doubt  of  the 
ability  of  the  typhoid  bacilli  to  act  in  a  similar  manner.  The 
results  of  these  studies  are  shown  in  the  two  following  tables: 

Notes:     (1)     Frost,  W.  D.:    Journ.  Infect.  Dts.     1904,  Vol.  1,  No.  4,  p.  599,  et  seQ. 

(2)    Jordan,  E.  C,  Russell,  H.  L.  and  Zeit,  F.  R.:    Journ.  Infect.  Dts.    1904, 
Vol.  1,  No.  4,  p.  641,  et  seg. 
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Results  Illustrative  of  the  Passage  of  B.  colt  through  the 

Walls  of  Unpunctured  Parchment  Sacs 

from  the  Outside, 


Sacs  Exposed  in  a  Flowing- 
Stream  of: 


Crude  sewag-e 

Septic  sewage 

Septic  sewage 

Effluent  of  a  sewage  filter 
Polluted  water 


B.  cow  PKR  C.  C.  IN  THE  WATER 

Contained  in  the  Sacs 

Number  of  Hours  the  Sacs  were 
Exposed  in  Current 


0 


0 

0 
0 
0 
0 


48 


320 

320 

120 

400 

0 


72 


2,000 
2,000 
1,100 
2,000 
40 


Results  Illustrative  of  the  Escape  o/  B.  coli.  from  Parchment 
Sacs  when  Immersed  in  Vessels  of  Sterilized  Water, 


Number  of  Hours  the  Sacs 
were  Suspended  in 

B.  COI,T  PER  C.  C.  IN  THE  WaTER 

Surrounding  the  Sacs 

Sterilized  Water 

Sac  A 

Sac  B 

Sac  C 

0 
24 

0 
Over  1,000 

0 
Over  1,000 

0 
Over  1,000 

The  dialyzing-  inteKTity  of  all  the  above  sacs  remained  unimpaired  througrhout 
the  experiments. 
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Germicidal  Action  of  Copper  Sulphate, 

Lack  of  time  prevented  the  working  out  of  many  highly  in- 
teresting problems  in  connection  with  the  action  of  copper  sul- 
phate as  a  germicide,  but  some  points  of  practical  significance 
were  brought  out  aiming  particularly  at  the  following  questions: 

1.  Rapidity  of  the  germicidal  action  of  copper  sulphate. 

(a)  The  effect  of  temperature. 

(b)  The  effect  of  organic  matter. 

(c)  The  effect  of  carbonates  dissolved  in  the  sewage. 

2.  Amounts  of  copper  sulphate  required : 

(a)  For  the  reduction  of  total  numbers  of  bacteria. 

(b)  For  the  destruction  of  bacteria  in  feces.  ' 

(c)  For  the  destruction  of  hacilhis  coli. 

(d)  For  the  destruction  of  bacillus  typhosus. 

The  effect  of  copper  sulphate  treatment  was  studied  in  con- 
nection with  crude  sewage,  the  effluents  of  sprinkling  filters,  of 
sand  filters,  and  fresh  feces  diluted  with  sterilized  distilled  water 
inoculated  with  pure  cultures  of  hacilhis  typhosus. 

All  tests  were  made  in  volumes  of  100  c.  c,  and  the  copper 
sulphate  was  added  in  the  form  of  an  aqueous  solution  freshly 
prepared  for  each  test.  The  chemical  was  found  on  analysis  to 
be  95  per  cent.  pure.  An  incubation  temperature  of  20  deg.  C. 
was  employed  and  standard  procedures  for  bacterial  work  were 
used  throughout  the  experiments,  including  thorough  determi- 
native tests  for  differentiating  the  typhoid  and  the  coli  in  all 
cases.  The  results  which  are  presented  below  are  in  each  in- 
stance the  averages  of  three  to  five  separate  series  of  tests. 

Copper  Sulphate  vs.  Bacteria  in  Crude  Sewage, 


Initial  Composition  of  Sewage 


Orsranic  Nitrogen,  6.3  parts  per  million. 
Alkalinity,  376  parts  per  million. 
Bacteria,  1.200,000  per  cubic  centimeter. 


Bacteria  per  c.  c.  . . 

Total,  Numbers 

Hours  of  Contact. . . . 

0 

1 

6 

24 

Cop.  Sulp.      0 

1  in     1,000 
1  in  10,000 
1  in  50,000 

1,200,000 
1,200,000 
1,200,000 
1,200,000 

1,200,000 

3,000 

9,500 

14,000 

6,000,000 
190 
250 
700 

14,000,000 

35 

200 

3,400,000 
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Copper  Sulphate  vs.  Bacteria  in  the  Effluent  of 

a  Sprinkling  Filter, 

Org-anic  Nitrog-en,  4.0  parts  per  million. 
Initial  Composition  of  £filnent  -^    Alkalinity,  290  parts  per  million. 

Bacteria,  1,000,000  per  cubic  centimeter. 


Hours  of  Contact 

1 

3 

6 

24 

Average 

Cop.  Sulp.  0 

1,000,000 

2,200,000 

3,300,090 

3,300,000 

Number 

**       1  in  1,000 

1,000 

240 

75 

49 

of 

'*       1  in  5,000 

5,000 

600 

170 

80 

Bacteria 

**       1  in  10,000 

6,000 

500 

190 

130 

per 

'-'       1  in  25,000 

3,400 

700 

310 

360,000 

Cubic 

1  in  50,000 

11,000 

1,900 

1,200 

1,100,000 

Centimeter 

'*   •    1  in  100,lO(' 

21,000 

4,500 

3,500 

3,^00,000 

Copper  Sulphate  vs.  Bacteria  in  Undiluted  and 

Diluted  Crude  Sewage, 

(Tests  for  numbers  of  bacteria  madie  at  start,  and 

after  1   hour's  contact.) 


Parts  of  Dilution  Water 

0 

1 

2 

Parts 

per 

Million 

Organic  Nitrogen 

8.9 

4.4 

3.0 

Alkalinity 

400 

200 

133 

Average 
Number 

of 

Bacteria 

per 

Cubic 

Centimeter 

Before  adding  Cop.  Sulp. 

Cop.  Sulp.  1  in  1,000 
1  in  5,000 
1  in  10,000 
"          1  in  25,000 
1  in  50.000 
1  in  100,000 

3,300,000 

2,300 

5,000 

12,000 

23,000 

68,000 

128,000 

1,900,000 

1,600 

4,000 

9,000 

12.000 

30,000 

46,000 

1,200,000 
950 
1,000 
2,200 
1,100 
8,000 
17,000 

Average  number  in  all  treated  flasks. . 

40,000 

17,000 

5,000 

Percentage 

reduction 

98.8 

99.1 

99.6 
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Copper  Sulphate  vs.  Bacteria  in  the  Undiluted  and 
Diluted  Effluent  of  a  Sprinkling  Filter. 

(Tests  for  numbers  of  bacteria  made  at  start,  and 

after  1  hour's  contact.) 


Parts  of  Di 

lution  Water  

0 

1 

2 

Parts 

per 

Million 

Organic  Nitrogen 

6.7 

3.3 

2.2 

Alkalinity 

328 

164 

101 

Average 
Number 

of 

Bacteria 

per 

Cubic 

Centimeter 

Before  adding  Cop.  Sulp. 

Cop.  Sulp.  1  in  1,000 
1  in  5,000 
1  in  10,000 
1  in  25,000 
1  in  50,000 
1  in  100,000 

550,000 
850 
3,700 
6,000 
5,500 
8,500 
15,000 

300,000 
.500 
1,800 
.3,800 
3,100 
3,900 
3,000 

170,000 
400 
500 
1,900 
1,200 
2,100 
1,600 

Average  number  in  all  treated  flasks. . 

6,600 

.  2,700 

1,300 

Percentage 

reduction 

98  8 

99.1 

99  2 

Effect  of  Temperature  on  the  Germicidal  Power  of  Copper 

Sulphate  in  a  Contact  Filter  Effluent. 


•Concentration 

of  Copper 

Sulphate 

employed 


1  in 
25,000 

1  in 
50.000 

1  in 
100,000 


Temperature 

at  which 
flasks  were 
kept  during 

tests 


Bacteria  per  Cubic  Centimeter 


Period  of  Contact  in  Hours 


0 

0.5 

2 

6 

18 

490,000 
600,000 

37,000 
15,000 

24,000 
1,300 

5,500 
250 

1,300 
350 

500,000 
600,000 

48,000 
18,000 

34,000 
2,900 

3.90O 
650 

1,800 
3,900 

460,000 
600,0(»0 

100,000 
44,000 

50,000 
3,300 

24,000 
700 

2,600 
81,000 

Percentage  reduction  in  Numbers 


1  in 

25,000 

■      5 
20 

•   *   •   •    •   • 

92.5 
97.5 

95.1 
99.7 

99.9 
99  9 

99.7 
99.9 

1  in 
50,000 

5 
20 

«   •  •       •   •  •  • 

90.4 
97.0 

93.2 
99.5 

99.2 
99.9 

99.6 
99.3* 

•   1  in 
100,000 

5 
20 

78.3 
92.7 

89  1 
99.5 

94  8 
99.9 

99.4 
86.5* 

*  These  fifirures  are  distorted  by  increases  in  the  number  of  bacteria  after  the 
-chemical  lost  its  germicidal  power. 
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Copper  Sulphate  vs.  Fecal  Bacteria. 
(5  grams  fresh  feces  \a  1,500  c.  c.  sterilised  distilled  nater.) 
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Copper  Sulphate  vs.  Bacillus  Colt  in  the  Effluent  of  a 
Sprinkling  Filler. 
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Copper  Sulphate  vs.  Bacillus   Typhosus. 

(Flasks  of  sterilized  water,  Inoculated  with  fresh  culture.) 
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Summary  of  Results. 

The  results  indicate  that  there  are  some  forms  of  bacterial 
life  which  are  able  to  resist  the  action  of  copper  sulphate  for 
days,  and  for  some  or  all  of  these  forms,  in  cases  where  less  than  1 
part  of  the  chemical  in  10,000  parts  of  sewage  or  sewage  effluent 
is  used,  copper  sulphate  loses  its  germicidal  power  in  about  six 
hours,  and  from  that  time  on  these  forms  continue  rapidly  to 
increase  in  number.  So  far  as  is  known  and  judging  from  the 
results  of  these  tests,  the  resisting  forms  are  non-pathogenic. 

The  deleterious  effect  of  organic  matter  and  dissolved  car- 
bonates on  the  germicidal  power  of  copper  sulphate  has  not  been 
clearly  brought  out,  but  within  practical  limits  judging  from  our 
results  they  cannot  be  considered  as  materially  disturbing  ele- 
ments. 

The  effect  of  temperature  is  the  most  important  physical 
feature  among  factors  which  have  to  do  with  the  germicidal 
power  of  this  chemical.  The  significance  of  this  fact  is  immedi- 
ately apparent  when  it  is  recalled  that  it  is  frequently  during 
the  cool  weather  that  the  elimination  of  the  typhoid  bacillus  is 
the  most  urgently  desired.  When  water  approaches  the  state 
of  maximum  density  the  germicidal  action  of  copper  sulphate  is 
very  slow,  relatively  speaking,  our  results  indicating  that  a  com- 
paratively large  number  of  typhoid  bacilli  resisted  the  action 
of  this  chemical  when  used  in  the  proportion  of  1  to  50,000  and 
when  used  for  a  period  of  seven  hours.  At  a  low  temperature, 
concentrations  of  1  in  1,000,000  seemed  to  effect  on  typhoid 
bacilli  practically  the  same  results  as  would  a  concentration  of  1 
in  50,000;  but  a  lower  concentration  than  1  in  1,000,000  gave 
markedly  inferior  results.  At  the  warmer  temperatures  the  same 
thing  is  true  in  a  measure,  although  there  is  a  sharper  gradation 
in  the  germicidal  power  of  the  chemical  as  the  concentrations  are 
increased.  With  storage  facilities  permitting  a  period  of  contact 
of  several  hours  as  weak  a  concentration  as  1  in  1,000,000  would 
be  practically  as  effective  as  one  twenty  times  as  great,  so  far 
as  killing  the  greajt  majority  of  the  typhoid  germs  is  concerned. 

Whether  the  above  statement  would  hold  true  with  typhoid 
fever  germs  of  such  virulence  as  found  in  fresh  fecal  discharges 
is  rather  too  complicated  a  problem  to  settle  on  present  evidence. 
Indeed,  the  influence  of  the  virility  of  the  germs,  the  effect  of 
osmosis  and  the  uncertainty  of  bacterial  methods  of  differentia- 
tion, to  say  nothing  of  the  effect  of  the  temperature  and  com- 
position of  the  liquid  treated,  make  this  whole  proposition  one 
about  which  much  caution  should  be  exercised  in  drawing  gener- 
alizations.   Under  the  Columbus  conditions  as  outlined  in  the  in- 
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troductory  chapter  of  this  report,  it  seems  very  clear  that  there 
is  no  occasion  to  apply  copper  sulphate  to  the  effluent  of  the 
sprinkling  filters.  As  stated  on  p.  299,  it  seems  feasible  with 
concentrations  in  the  neighborhood  of  1  to  10,000  to  secure  a 
practically  sterile  effluent,  although  there  are  some  exceedingly 
resistant  typhoid  fever  germs,  perhaps  a  small  fraction  of  1  per 
cent.,  which  may  escape  this  and  even  much  greater  concentra- 
tions. From  a  practical  standpoint,  complete  sterilization  by 
copper  sulphate  seems  to  be  out  of  question,  as,  with  copper 
sulphate  costing  6  cents  per  pound,  the  expense  of  applying  a 
dose  of  one  part  to  10,000  would  be  $50.00  per  million  gallons. 
Independent  of  the  question  of  complete  sterilization  as 
touched  upon  on  p.  299,  it  may  be  that  there  is  a  field  of  useful- 
ness in  some  places  for  copper  sulphate  or  other  germicidal 
chemical  in  the  treatment  of  coarse  grain  filter  effluents  in  order 
to  bring  them  from  a  bacterial  or  hygienic  standpoint  to  a  degree 
of  purity  strictly  comparable  with  that  of  the  effluent  of  ordinary 
intermittent  sand  filters.  The  Columbus  data  hardly  justify  us 
in  attempting  to  make  a  very  positive  statement  on  this  propo- 
sition, but  these  observations  and  some  other  local  notes  on  the 
application  of  copper  sulphate  on  a  small  scale  in  practice,  to- 
gether with  some  general  information  as  to  experiences  else- 
where, lead  us  to  feel  at  present  that  sprinkling  filter  effluents 
should  receive  a  dcse  of  perhaps  1  to  50,000  to  1  to  100,000  to 
make  such  effluent  comparable  bacterially  with  those  of  inter- 
mittent sand  filter  effluents.  It  is  probable  that  the  higher  dose 
in  winter  would  be  no  more  effective  than  the  lower  one  during 
the  warmer  season  of  the  year.  Numerous  factors  above  noted  and 
which  are  not  yet  clearly  understood  may  later  modify  these 
views,  which  are  simply  intended  here  to  express  a  rough  but 
conservative  opinion  on  the  proposition  and  intermediate  be- 
tween various  extreme  statements  which  have  come  to  our  at- 
tention. Before  figuring  definitely  on  cost  it  would  be  highly 
desirable  to  investigate  the  matter  further  at  such  places  as 
copper  sulphate  may  find  a  field  of  usefulness. 
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Asbestos,  see  Gooch  crucible. 
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sand  filters 217 
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Bacteri  a—  Continued 

sand  filter  effluents 217 

multiplication  of  in  Columbus  sewage 99 

parchment  sac  exi^eriments 55 

See  also  Appendix  X. 

removal  of  by  contact  filters 246 

sprinkling  filters 297-  99 

See  also  efficiencies.  * 

sludge  disposal,  relation  to 327—  28 

species  of,  in  Columbus  sewage ." 54 

See  also  results  of  analyses. 

B.  coli,  in  crude  sewage 53 

effluents  of  sand  filters 217 

removal  of,  by  contact  filters 246 

sprinkling  filters 299 

Baffles,  in  rectangular  tanks 60  ,  109 

remodelled  grit  chamber 63 

,                    septic  tank  D 62 

200-foot  tank 102 

Bottom  scotir 93 

Broken  stone,  see  filtering  material. 
Carbonaceous  matter,  see  oxygen  consumed. 

Chapters,  list  of 11 

Chemicals,  application  of 61,  133 

Chemical  precipitation,  see  preparatory  treatment. 

Chlorine,  in  crude  sewage 50,  342 

wells  of  Columbus 50,  343 

relation  to  sewage  flow 36 

Cisterns,  rain  water,  use  of — 40 

Cleaning,  tanks,  see  sludge. 

Clogged  coke,  rejuvenation  of 150 

relation  to  loss  of  head  in  strainers 74 

Clogging,  coke  strainers 145 

contact  filters 256-  64 

sand  filters 169,  165,  171,  176,  183,  190.  194.  198,  203,  206.  210,  216.  220 

sprinkling  filters 305-  11,  316 

continuous  operation,  relation  to 316 

remedial  measures " 308 

Closed  septic  tank,  see  septic  tanks. 

Coagulation,  inadequate  in  8-hour  tanks 139 

Coke,  see  filtering  material. 

Coke  strainers,  see  preparatory  treatment. 

Colloidal  matter,  crude  sewage 39 

eflFent  on  suspended  matter  determinations  by  platinum  method  37 

.    upon,  of  adisorption 274 

in  effluent  of  200-foot  settling  tank 108 
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practical  definition  of 108 

relation  to  chemical  precipitation 139 
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sewage  disposal  problem 4 

soil  conditions 5 
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Compacting  of  sludge 130 

Contact  filters,  aeration  of  influent 267 

application  of  sodium  nitrate 254-  56 
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denitrification 250-53,  267,  268 

description  of 66 
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distribution  of  influent 230 

draining  .rate  of 230,  271 

efficiencies 240-  46 

fiUing 230,  267 

general  plan  of  operation 229-  32 

initial  voids 228 

nitrification  in  effluents 246-  56 

period  of  contact 230,    268-  70 

periods  of  rest  to  increase  nitrification 231 
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putrescibiUty 232.  243-  44,  274 

rates  of  treatment 231,  264.  330 

resting  periods 231,   271-  72 

results  of  analyses  by  months 234-  39 

•    details 436-  62 

sampling  schedule 231 

septicization,  influence  of  on  efficiency 265-  66 

sewage  applied 230 

single  and  double  'contact  at  same  net  rate 272-  73 

size  and  character  of  filtering  material 67,  228 

storage  of  samples,  effect  of 351 

summary  of  restdts  obtained 330 

tests  of  various  operating  procedures 267-  72 

draining 271 

filling 267 

period  of  contact 268-  71 

resting  empty 271 

theory  of  action  in 267-72,  273-  74 

Conversion  tables 353 

Copper  sulphate,  treatment  of  sprinkling  filter  effluents  with 299 

Costs,  filtering  material 63-64,  67 

improvements 7 

investigations 11 

salaries 11 

sand  filtration  per  million  gallons 154 

capita  per  persons  connected 154 

testing  station , 11 

Critical  velocity 93 

Daily  quantity  of  sewage  treated 8 

Denitrification,  procedures  for  studies  of 261 

studies  in  contact  filters 250-  53 

See  also  sodium  nitrate. 
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Deposits,  coke  strainers 1^»  1^0 

contact  filters . •  •  261-  63 

sprinkling  filters 308-  10 

Direct  nesslerization,  free  ammonia 24,   46-47 

Kjeldahl 24,   44-46 

Disintegration  of  limestone,  tests  on 263-  64 

Dissolved  matters,  removal  of,  by  chemical  precipitation 134 

grit  chambers •  •  ^ 

plain  sedimentation 97 

septic  tanks 121 

See  also  results  of  analyses. 

Dissolved  oxygen,  contact  filter  effluents 245 

crude  sewage 35-  36 

relation  to  chlorine,  bacteria  and  sewage  flow 36 

sand  filters,  effluent,  see  results  of  analyses. 

sprayed  influents  of  sprinkling  filters 278 

sprinkling  filter  effluents 296-  97 

See  also  restUts  of  analyses. 
Distillation,  see  free  ammonia,  direct  nesslerization. 
Dosing,  see  sand  filters. 
Dry  weather,  see  sewage  flow. 

Duplicate  analyses 352 

Effective  size  of  sand 65 

Efficiencies,   chemical  precipitation 135-  36, 138 

coke  strainers,  effect  of  rate 143 

fluctuations  in 145 

monthly  averages 142 

suspended  matter,  removal  of 145,  147 

contact  filters 240-  46 

aeration  of  influent 267 

filtering  material 264 

single  and  double  contact. 272 

grit  chambers 78-82,     83-  84 

sludge  accumulation 83 

plain  settling  tanks   91-  99 

sludge  accumtdation 93 

suspended  matter  removal,  compared  with 

septic  tanks 120 

plain  settling  tanks,  temi>erature,  effect  of  on  subsidence 95 

wind  action,  effect  of 95-  96 

preparatory  treatment,  summarized  results 151-  63 

sand  filters,  summary 224 

See  also  sand  filters. 

septic  tanks 116-  22 

comparable  periods 116 

compared  with  settling  tanks,  suspended  matter  removal   . . .  120 

gas  evolution,  effect  on 118 

sprinkling  filters 290-99,311-  16 

distribution  of  influent 316 

preparatory  treatment,  significance  of 315 

rate  of  treatment 313-  14 

winter  conditions 311—  13 

200-foot  tank,  different  depths,  aggregation  factor 103-    8 

Equivalents,  tables  of 353-  64 

Fats,  determination  of,  differential  method 346-  47 

distribution  of  in  section  flowing  sewage  in  sewer 41 

effect  of  storm  flows  on 41 

in  crude  sewage,  hourly  variation 41 
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relation  of  dissolved  to  total 42 

removal  of,  by  coke  strainers 146 

■grit  chambers 80 

plain  settling  tanks 98 

preparatory  treatments  (summary) 153 

septic  tanks 122 

retention  of,  in  surface  sand  layers 220 

See  also  analyses  of  crude  sewage. 

Filtering  material,  availability  of 5 

broken  stone,  cost  per  cubic  yard 67 

disintegration,  tests  on 263 

in  contact  fijters 66,  228 

sprinkling  filters 67,  279 

coke,  clogged,  disposal  of  on  land 151 

feasibility  of  burning 160 

cost  per  cubic  yard 63 

in  contact  filters 67 

durability  of 263 

removal  of,  from  contact  filters 262-  63 

sand  filters 158 

sprinkling  filters.  * , 307-    9 

sand,   absence  of  at  site  of  purification  works 5 

chemical  analyses  of 64 

clogged,  removal  of 158,  183,  190,  206,  210,  216 

cost  per  cubic  yard 64 

Lake  Erie,  composition  of 64 

mechanical  analysis  of 65 

size  of  in  contact  filters 228,  264 

sprinkling  filters 280 

total  cost  of  for  tests 11 

Force  employed 9 

Free  ammonia,  comparison  of  direct  and  distillation  methods 47 

direct  method  of  determining 47 

in  Columbus  sewage 48 

See  also  results  of  analyses. 

Frost,  penetration  of,  in  sand  filters 159 

Galvanized  iron  lining  for  tanks 60 

Gas,  ebullition  of,  effect  on  efficiency  of  septic  tanks. 118 

evolution  of,  relation  to  cleaning  of  grit  chambers 80 

evolved  from  Septic  Tank  E 118 

Gooch  crucible,  determination  of  suspended  matter 36-  38 

Grids,  perforated,  description  of 68,  281 

Grouad  water,  chlorine  in 50 

in  West  Side  sewage 338 

percentage  of  total  sewage  flow 19 

Hardness,  crude  sewage 51 

effect  upon  soap  consumption 40 

mineral  matter  in  Columbus  sewage 51 

water  supply 16 

See  also  sulphates. 

Head,   loss  of,  in  coke  strainers 74,  146 

on  distributing  troughs 68 

sprinkling  nozzles 68,  282 

Hydrogen  sulphide,  in  coke  strainers 145 

Ice,   on  contact  filters 267 

sand  filters 159-  60 

rings,  in  sprinkling  filters 312-  13 
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Improvements  in  filters  for  main  works  as  compared  with  test  filters 310 

Incnistants 51 

Industrial  water  consumption 341-  43 

Insert  table 54-  55 

Intercepting  sewer,  bacteria  at  different  points 343-  44 

Iron,  as  a  clogging  agent 176 

in   crude  sewage 51-  52 

trade  wastes 18,  341-  42 

Iron  stdphide,  coke  strainer  effluents ^ 145 

deposits  in  contact  filters 262 

sprinkling  filters 309.  310 

determination  of .* 345-  46 

sludge 87.  102.  131.  150 

relation  to  cold  test -  49 

Kjeldahl  nitrogen,  by  direct  and  distillation  methods 46 

direct  method  of  determining 45 

relation  to  albuminoid  ammonia 44 

used  in  tests 24,    44 

Lawrence  Exi^eriment  Station,  see  Massachussetts  State  Board  of  Health. 

Letter  of  transmittal 1 

Lime,  see  hardness. 

London  sewage,  composition  of 34 

Loss  on  ignition,  discussion  of 42-  44 

Magnesium  as  coagulant 47 

See  also  hardness  and  methods  of  analysis. 

Manufacturing  cities,  composition  of  sewage  of .  34 

sewage,  see  trades  wastes. 
Massachusetts  State  Board  of  Health — 

early  experiments  with  gravel  filters 276 

experiments  on  contact  filters 227 

sand  filtration 154 

sprinkling  filters 277 

Measuring  boxes 65 

Methods  of  analysis,  cold  test  for  oxygen  consumed 49 

effect  of  second  ignition  upon  the  total  and  dissolved  matter. ...     43 

free  ammonia  by  direct  and  distillation  methods 46 

Gooch  crucible 25 

and  platinum  methods  compared  for  determinuig 

suspended  matter 38 

Kjeldahl  nitrogen 24 

direct  process 44 

oxygen  consumed 48—  50 

putrescibility,  interpretation  of 24,  232,  293,  34f-  48 

recommendations  to  Committee  on  Standard  Methods 23 

Mixing,  effect  of,  of  equal  portions  of  sewage 23,    33 

Night  sewage,  suspended  matter  in. ; 79 

Nitrification,   contact  filters 246-  56 

sand  filter  effluents 165,  171,  176,  182.  189.  194,  198.  202,  206,  210.  215 

sprinkling  filters 302-     4 

See  also  dentrification,  sodium  nitrate. 
Nozzles,  see  sprinkling  nozzles. 

Odors,  clogged  coke,  when  drying 151 

coke  strainers 144,  151 

contact  filters 245 

crude  sewage - 35 

septic  tanUs 123,  326 

sprinkling  filters 297.  331 

Olentangy  River,  drainage  area  of • 3 
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operation  data,  contact  filters 446-47,  453 

sprinkling  filters 301 

Organic  carbon,  see  oxygen  consumed. 

Organic  matter,  carbonaceous,  cold  test 49 

method  practised 48 

relative  restdts  by  different  methods 49 

nitrogenous,   direct  K jeldahl 45 

free  ammonia  by  direct  and  distillation  methods ...  46 

in  crude  sewage 48 

Kjeldahl  and  albuminoid  ammonia 44 

total,  in  crude  sewage 42-  44 

Orifice  boxes 61 

Outfall  weir  analysis  of  sewage  at 30,   33 

Overflows 14,    16 

Oxydation  stage,  in  contact  filters 271-  72,  274 

Oxygen  consumed,  cold  test 49-  50 

method  practised 25,  48-  50 

relative  results  by  different  methods 48-  49 

See  also  restilts  of  analyses. 
Oxygen  dissolved,  see  dissolved  oxygen. 

Parchment  sac  experiments 55 

See  also  Appendix  X. 

Passage  of  sewage,  time  of,  through  sprinkling  filters 311 

Period  of  flow,  chemical  precipitation  tanks 133 

grit  chamber,  original 76,  81 ,84 

remodelled 76,  81.84 

septic  tanks 110 

settling  tanks 88 

subsidiary  settling  tanks 318 

200-foot  tank 103 

Piping,  see  description  of  station. 

Population,    Columbxis 13 

connected  with  Alum  Creek  district 336 

main  district 13 

West  Side  district 336 

sewerage  system  as  a  whole 336 

Portions,  see  samples. 
Precipitation,  see  rainfall. 

Preparatory  treatment,  collection  of  samples 72-  73 

definition  of 324 

final  summary  of  results  obtained 324-  28 

chemical  precipitation — 

analyses,  results  of  averages 136 

details 398-  99 

application  of  chemicals •. 133 

coagtdation,  necessary  period  for 139 

colloids,  relation  to 139 

description  of  tanks 133 

dissolved  matters,  removal  of : 134 

duration  of  tests 134 

efficiency 134-  36 

bacterial 135 

comments  on 138-  39 

compared  with  plain  sedimentation 135 

sludge  deposition 137-  38,  325 

velocities  of  flow 133 

•coke  strainers — 

analyses,  results,  averages 141 

details 400-     5 


490  INDEX 

PAGB 

Preparatory  treatment,  coke  strainers — Continued 

bacteria,  removal  of 146 

clogged  coke,  feasibility  of  burning 150 

frequency  of  necessary  scraping 146-  48 

odor  from 151 

volume  removed 149,  326 

clogging,  progressive 145 

collection  of  samples 72 

description  of 63 

efficiency 142-  46 

effect  of  rate 143 

fluctuations  in 145 

fats,  removal  of 146,  327 

free  ammonia,  increase  in  .compared  with  septic  tanks 144 

freezing,  effect  of 143 

prevention  of 140 

life  of,  features  relative  to '. 148 

odors,   about  discharge  pip)es 145 

clogged  coke  when  drying 161 

operation,  freezing  weather,  effect  on 143 

leading  data  on,  summary 149 

notes  on 140 

plan  of 71 

rates,  maximum  feasible 327 

relation  to  efficiency " 143 

scraping,  frequency  of  necessary 146-  47 

septic  action  in 143 

sludge,  composition  of   • 149-  50 

effect  of  septic  action  in 150 

suspended  matter,  removal  of 145,  326 

grit  chambers — 

analysis,  results  of,  averages 77 

details 368-  75 

bacteria,  removal  of 80 

baffles 60 

capacities  of  tanks 76-  76 

cleaning,  effect  of  temperature  upon 81 

collection  of  samples 72 

dissolved  matters,  removal  of 80 

efficiency 78-82,    83-84 

fats,  removal  of 80 

free  ammonia,  changes  effected  in 80 

oijeration,  plan  of 70 

period  of  flow 76-  76 

remodelling,  reason  for 78 

sludge,  accumtdation,  effect  on  efficiency — 83-  84 

amount  and  character  of  deposits 84-  87 

appearance  in  effluent 87-  88 

distribution  in  remodelled  grit  chamber 82 

removal  73 

frequency  of 80 

suspended  matter,  character  of  in  effluent 79 

removal  of 79 

unnecessary  for  local  conditions 325 

velocities  of  flow 75-  76 

plain  sedimentation  at  low  velocities — 

analyses,  results  of,  avf.rages 89-  90 

details 376-  83 
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Preparatory  treatmentf  plain  sedimeatatioa  at  low  velocities — Continued 

bacteria,  removal  of 98 

capacities  of  tanks 88 

cleanings,  frequency  of  necessary 99-101 

dissolved  matters,  removal  of  compared  with  chemical  precipitation 135 

effciency      ^ 91-    99 

compared  with  septic  tanks,  equal  i)eriods 120 

sludge  accumulation,  effect  on 63 

wind  action,  effect  of 99 

fats,  removal  of 98,  153,  327 

flow,  periods  of '. 88 

uniformity  of 92 

free  ammonia,  changes  effected  in 97 

operation,  plan  of 71 

organic  matters,  removal  of 97 

samples,  collection  of 72 

sludge,  composition  of ' 102 

hydrolysis,  see  septic  tanks. 

removal  of 73 

volume  deposited 101 

suspended  matter,  residual,  character  of 92 

removal,  compared  with  chemical  precipitation 135 

uniformity  of  flow 92 

septic  tanks — 

advantages  of 327 

analyses,  results  of,  averages 112-  13 

details 384-  99 

bacteria,  growth  of 122 

death  of,  in  sludge ,  . . . 132 

baffles 60,    62 

capacities 109 

compared  with  plain  sedimentation 325-  26 

clogging  of  sand  filters  by  suspended  matter  in  effluents  of 190 

closed  septic  tank 62, 110 

collection  of  samples 72 

covers,  merits  of ; .124 

description  of  Septic  Tank  D 62.  110 

dissolved  matters,  removal  of 121 

efficiency ^ . .  .    114-  24 

effect  of  gas  evolution 118-  20 

fats,  removal  of 122.  153 

flow,    high  and  low,  comparative  efficiency 116 

periods  of lOf?.  326 

uniformity  of .  , 117 

free  ammonia,  changes  effected  in 122 

gas  ebullition  and  subsiding  efficiency 118-  20 

evolved  from  Tank  E 118 

maturity  of  action,  time  required  for 117 

odors  from 123,  326 

operation,  plan  of 71 

outlets,  protection  of 109,  119 

oversepticization 326 

scum   117-  18 

iron  sulphide  in 346 

storage  of  samples,  restdts  of 350-  51 

sludge,  appearance  in  effluent 131-  32 

accumulation  and  liquifaction 124,  130,  152 

relation  to,  of  composition  of  suspended  matter..  127 
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Preparatory  treatment,  septic  ta.n)£H— Continued 

sludge,  composition  of 131 

effect  of  septic  action 130 

disposal  of 132,  327-  28 

hydrolysis,  percentage  of 128-   29, 326 

measurements 74 

record  by  periods 126 

removal  of 74 

sampling 74 

variation  in  volume,  by  months 127 

susi)ended  matter,  removal  compared  with  settling  tanks 120 

uniformity  of  flow  in 117 

velocity  of  flow 109-  10 

special  sedimentation  tests.     (200-foot  tank.) — 

aggregation  of  particles 103 

.  collodial  matters. '. 108 

description  of  tank 102 

efficiency  at  different  depths 103-    4 

flow,  rates  of 102 

suspended  matter  in  strong  medium  and  weak  sewages,  removal  of 106-     7 

suspended  matters,  volatile  and  mineral,  effect  on  of  residts 105 

Process  recommended 331-  32 

Pump,  location  of  suction  of,  in  sewer 21 

Pumping  plant,  description  of 58-  59 

Putrescibiilty,   contact  filter  effluents 232,  243-44  274-  75 

deduced  from  current  chemical  data 348 

methods  of  testing  for 232,  347-  48 

relation  to  rate  of  treatment  in  contact  filters 274—  75 

sprinkling  filters 314 

sand  filter  effluents...  165.   171.   176,   182,   194,   198,   202,   206.   210,   215 

sprinkling  filter  effluents 293-  94 

Jlainfall,  drought  of  November,  1904 16 

relation  to  sewage  flow 20 

storm  flows 19 

tables  of 339-  40 

Rates  of  treatment,  see  coke  strainers,  sand  filters;  see  also  final  summary. 

Recommendations 331-  32 

Rectangular  tanks,  see  preparatory  treatments. 
Remodelled  grit  chamber,  see  preparatory  treatment. 

Reports,  Griggs,  Julian  and  Alvord,  John  W.,  reference  to 5 

Griggs,  Julian,  to  City  Sewer  Commission,  reference  to 6 

Hering,  Rudolph,  on  Sewage.  1901,  reference  to 6 

Residue  on  evaporation,  relation  to  total  organic  matter 42 

Samples,  number  analyzed  and  portions  constituting 9,  25,  72-73,  103,  323 

storage  ot 349-  51 

Sampling  schedules 22.  72,  160,  231,  282 

Sand,  see  filtering  material. 

-Sand  filters 154,  226 

analyses  of  influents  and  effluents  of,  summary 222 

bacteria  in  effluents  of 217 

B.  coli  in  effluents  of 217 

clogging 165,  171,  176,  183,  190,  194,  198,  203.  206,  210,  216.  220 

construction  of 63,  155 

cost  per  capita  per  annum 154,  330 

million  gallons 154 

degree  of  purification — Nos.   1  and  2 164-  65 

3.  4  and  5 170-  71 
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Sand  filters— Can/fnM^<f 

6,  7,  8  and  9 175-76,  181-  82 

10,  11  .12  and  13 188-  8» 

14  and  16 193-  94.  197 

16,  17  and  18 201-2,  206.  209 

19.  20  and  21..... 214r-  15 

Summary 224 

doses,  sizes  of 157 

dosing 157 

efficiencies,  summary  of 224 

fats  in  surface  sand 220- 

freezing  of 169 

frost  in 159 

ice 159-  60- 

list  of  and  sources  of  influents 156 

Massachusetts  practices 154 

measuring  boxes  for  effluents 65 

method  of  applying  sewage 65- 

net  rates  of  treatment 166,  172.  177,  183,  190.  196,  198,  204,  207,  216- 

nitrification 165,  171,  176.  182.  189.  194,  198.  202.  206.  210.  215 

summary 221 

operation,  plan  of 156- 

putrescibility  of  effluents 165,  171,  176,  182,  194.  198,  202,  206,  210,  215- 

raking,  record  of 158 

rates,  maximum  i>ermissible 225—  26,  329 

recommended  by  Julian  Griggs 6 

Rudolph  Hering 6- 

resting  of 157' 

results  of  analyses,  see  analyses. 

sampling  of  influents  and  effluents 160 

scraping,  record  of 158 

summary  of  results  of 221,  329-  30 

surface  mat  of  suspended  matter 161 

suspended  matter  applied 161 

effect  on  rates 219 

trenches  in 159,  178 

imderdrains 155- 

winter  treatment 159 

Scioto  River,  dilution  afforded  during  low  flows 4 

drainage  area 3- 

relation  to  sludge  disposal 132.  327 

stream  flow 4 

Scraping,  see  sand  filters;  see  also  coke  strainers. 

Screens,  description  of 59' 

material  removed  by 22,  324 

in  screen  chamber 21,    59- 

suction  well 21 ,    69 

Scum,  absence  of  permanent  in  septic  tanks 117-  18 

ferrous  sulphide  in 346- 

Scumboards 109 

Septic  action,  development  in  coke  strainers 143 

effect  of  in  grit  chamber  deposits 87 

on  composition  of  sludge,  coke  strainers 150 

septic  tanks 130 

relation  to  sludge  accumulation  and  liquifaction 124-  25.  129 

time  required  to  reach  maturity 117 

Septic  treatment,   recommended  by  City  Sewer  Commission 6 

Rudolph  Hering 6- 

See  also  preparatory  treatment. 
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Settling  tanks,  see  preparatory  treatment. 

Settling  tanks,  subsidiary,  description  of ^ 66 

results  obtained  from 318-  20 

Sewage  (crude.),  analyses  by  months 26 

details 356-  66 

average,  extreme  dry  weather,  storm 28 

bacteria 36,    63-55 

bacterial  analyses 23 

B.  coli 63 

carbonaceous  matter 48-  50 

chlorine 60,  342 

collection  of  samples 22 

colloidal  matters 39 

compared  with  other  cities 33-  34 

composite  samples,  Aug.  16  to  Sept.  15,  1904 29 

daily  variation 31-  32 

dissolved  oxygen 36 

fats 40-42 

at  different  hours  of  the  day 41 

dissolved 42 

distribution  in  cross-section  flowing  liquid  in  sewer 41 

suspended 42 

total 42 

flowage,  see  sewage  flows. 

freshness 14,    36 

grams  per  capita,  constituents 33-  34 

hotirly  and  daily  variation 29,      30 

iron 61,  52.  342 

material  removed  by  screens 22,  324 

mineral  matter,  total 61 

nitrogen  content 47 

nitrogenous  organic  matter 44-  48 

organic  matter,  total 42 

percentage  which  flow  and  constituents  at  different  hotirs  is  of 

of  the  average 33 

samples,  number  of  portions  collected 25,  323 

storage  of 23,  349 

storms,  effect  on  constituents  of 19 

strength  of 323 

suspended  matter,  range  in  amount  of 36,  324 

volatile  matter 44 

volume  of  flow  per  capita 323 

winter  temperatxire,  average 159 

minimum 311 

Sewage  flows,  Alum  creek  district 336-  73 

average 28 

dry  weather,  extreme 16,    28 

ordinary 17 

entire  city 338 

ground  water 19 

main  sewerage  district 17,  19,  323,  337 

relation  of  Sunday  to  week-day 17 

storm 19,  20,28 

trade  wastes 18,  19,  341 

volume  used  in  tests 21 

West  Side  district 336,  338 

Sewerage  districts.   Alum  Creek , 336 

main  district 13,  17.  19,  323.  335,  337,  338 

West  Side 335.  138 
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Sewers,  central  interceptor,  location  of  pump  suction  in 21 

mileage,  in  Alum  Creek  district 336 

main  district 13 

system  as  a  whole 335 

West  Side  district 335 

number  of  persons  connected 13,  335 

overflows,  inspection  of 14-  15 

Sludge,  accumulation   and  liqiiif action  in  septic  tanks 124-  30 

average  in  preparatory  treatments 153 

septic  tanks 128 

montWy  variation  in  septic  tanks 127 

relation  to,  of  composition  of  applied  suspended  matter. . .  127 

accuracy  of  measurement  of 74 

amount  deposited,  chemical  precipitation  tanks 137-  38 

coke  strainers 149 

grit  chambers 82,    86 

inlet  and  outlet  ends  compared 83 

plain  settling  tanks •  100-     1 

preparatory  treatment 153 

septic  tanks 124-  30 

subsidiary  settling  tanks 320 

apparatus  for  measuring 75 

appearance  of  in  effluent  of  grit  chamber 87 

septic  tanks 131-  32 

bacteria  in,  see  composition. 

compacting  of 130 

composition  of,  in   chemical  precipitation  tanks 137-  38 

coke  strainers 150 

grit  chambers ' 82,    87 

plain  settling  tanks 102 

septic  tanks 131 

subsidiary  settling  tanks 320 

disposal  of 132,  327 

distribution  of  in  remodelled  grit  chamber 83 

fluctuating  depositions  of,  in  septic  tanks 127 

hydrolysis 129,  152,  326 

record  by  periods,  septic  tanks 126 

settling  tanks .' 100 

removal  of,  from   coke  strainers 146-  47 

grit  chambers,  frequency  of 80 

preparatory  devices 73-  74 

settling  tanks 99-100 

sampling,  methods  of 74-  75 

septic  action  in,  effect  on  composition  of 130 

Soditmi  nitrate,  application  to  contact  filters » 254-  57 

Sprinkling  filters,   area  covered  by  ice 313 

bacterial  efficiency  of 297-  99 

B.  coli,  removal  of • 299 

clogging,   surface 305-  11 

underdrains 309-  10 

copper  treatment  of  effluents 299.  300 

See  also  Appendix  X. 

deposits  in,  analyses  of 308^  10 

description  of 67,  279 

dissolved  oxygen  in  effluents  of 296-  97 

distribution  in  relation  to  efficiency 315 

method  of 280-  82 

efficiencies 290-  99 
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Sprinkliog-  ^Iten^ Continued 

English  experiments  on 276-  77 

filling  from  below 313 

filtering  material,  removal  of 307-    9- 

size  of 68,  280 

filters  tested 279 

grids 68.  281 

historical  review 276-  77 

ice  rings  and  craters 312-  13 

initial  voids  in 280' 

improvement  in  for  main  works  as  comp>ared  with  test  filters.'.  310-  11 

intermittent  vs.  continuous  operation 316-  17 

loss  in  temperature  of  sewage  in 312 

material  and  underdrains  in 279 

net  rates  and  non-putrescible  ef&uents 320 

nitrification  in :  . .  .  302-    4 

odor 297.  331 

open  troughs 68,  281 

operation  as  contact  filters 313 

operation  data 301 

periods  of  rest,  advantages  of 317 

pooling  of  filter  surfaces 307 

preparatory  treatment  in  relation  to  efficiency 315-  16 

putrescibility  of  effluents 293-  94 

rates  of  operation  and  efficiency 313-  14 

rates  of  treatment 282,  331 

reduction  in  voids 307 

resting  and  raking 308 

restilts  of  analyses,  by  months 283-  89 

details 345-  65 

summary 331 

sampling  schedule 282-  83 

saturation  in  oxygen  of  sprayed  influent  of 278 

settling  tanks  for  effluents 318-  19,  331 

sludge  deposited  in  subsidiary  settling  tanks 318-  19 

sprinkling  nozzles 69, 281-82,  311-13, 322,  331 

storage  of  samples,,  effect  of 351 

surface  clogging 307-    8 

surfaces  forked  over 308 

suspended  matter  in  effluents 294-  95 

removal  of 305-     6 

unloading  and  storage  of 318 

theory  of  action  in 321-  22 

time  of  passage  of  sewage  through 311 

turbidity  of  settled  effluents 319 

upper  surfaces  deposit,  composition  of 308-     9 

voids,  clogging  in 279.  308.  316-  17 

initial 280 

reduction  in 307 

winter  weather,  effect  of  on  efficiency 311-  13 

Sprinkling  nozzles,  design  for  main  sewage  works 282 

head  required 282,  322.  331 

operation  of  at  low  temperatures 311-  13 

testing  station  nozzle 69,  281 

Storage  of  samples,  method  of 72 

resuits  showing  effect  of 349-  51 

Storms,  composition  of  sewage  during 19,    28 

effect  of  on  average  sewage 19 
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Storms — Conttnnfd 

fat  content  of  sewage  during 41 

sewage  flow  during 19 

Storm  water,  see  sewage. 

Stratification,  in  plain  settling  tanks 92 

Street  refuse,  effect  of  on  composition  of  sewage 27 

Subsidence,  following  chemical  treatment 139 

maximum  removal  of  suspended  matter  by 40 

rate  of  inversely  as  volatile  matter 105 

special  tests  on 102-     9 

Sudsidiary  settling  tanks 318-  20 

efficiency  of 319 

period  of  flow  in 318 

sludge  deposited  in 319-  20 

Sulphates,  action  of  septic  tanks  on 123-  24 

in  crude  sewage 16,    51 

reduction  of,  in  coke  strainers 144 

Sunday  sewage  flow 17 

Suspended  matter,  aggregation  of 103 

amount  of  applied  to  sand  Alters  in  relation  to  rate  of  treatment      219 

average  removal  by  preparatory  treatments 151 

character  of,  in  effluents  of  grit  chambers 79 

preparatory  processes 219-20 

settling  tanks 92 

clogging  of  sand  filters,  see  clogging. 

colloidal ■ 39,  139 

comparative  removal  of  chemical  precipitation  and  plain 

settling  tanks 135 

determined  by  direct  method 37 

Gooch  method 36-  38 

effect  of  on   action  of  sand  Alters 15-18,    19 

life  of  coke  strainers 145,  147-  48 

grit  chamber,  weekly  average  results 88 

in  sprinkling  filter  effluents 294-95,   305-10,  317,  318-   19 

maximum  economical  amount  removable  by  subsidence 40 

mineral,  in  crude  sewage 51 

night  sewage 79 

plain  settling  tanks,  weekly  average  results 93 

putrescibility  of,  in  sprinkling  filter  effluents 295 

range  of,  in  Columbus  sewage 39,  152,  324 

removal  of,  chemical  precipitation  tanks 135,  152 

coke  strainers 145.  147,  151 

contact  filters 257-  59 

grit  chambers 79,  151 

screens 22 

septic  tanks 129,  151 

settling  tanks  (plain) 93,   129,  135,  151 

sprinkling  filters 294-95,  305-     6 

subsidiary  settling  tanks 319 

200-foot  tank,  see  preparatory  treatment. 
See  also  efficiencies. 

retained  in  voids  of  sprinkling  filters 307 

storage  and  unloading  of  in  sprinkling  filters 294,  317-  18 

unloading  of  by  sprinkling  filters 278.  294,  317-  IS.  322 

volatile,  determined  by  direct  and  indirect  methods 38 

See  also  clogging,  voids. 

Temperature,  average  winter 159 

current,  at  testing  station 341 
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Temperature—  Continued 

effect  of,  on  cleaning  of  grit  chambers 81 

coke  strainers 143 

plain  subsidence 94-  95 

sand  filters 159-  60 

freezing,  effect  of  on  coke  strainers 143 

loss  of.  in  sprinkling  filters 312 

minimum,  of  crude  sewage 311 

winter  of  1904-5 312 

Tests  advised,  by  Griggs  and  Alvord 5 

Griggs 6 

Hering 6 

Ohio  State  Boardof  Health 7 

Testing  station,  arrangement  of 56-  58 

brief  description  of 8 

chemical  precipitation  devices 61 

closed  septic  tank 61 

coke  strainers 63 

contact  filters 66 

elevations • 69 

first  cost 11 

location 8,      56 

measuring  boxes 65 

object  of  tests , 7 

orifice  boxes . .  .' 61 

pump,  location  of  suction  in  sewer 21 

pumping  plant,  description  of 58-  59 

rectangular  tanks 60-  61 

remodelled  grit  chamber 62 

sand  filters 63-  65 

screens  in  screen  chamber. . . '. 21-  22 

suction  well 21 

Septic  Tank  D 61 

settling  tanks  for  filter  effluentfe 66 

sprinkling  filters 67-  68 

waste  weir 60 

Trade  wastes   18-  19.  341 

industrial  water  consumption 341-  42 

Trenches,  in  sand  filters ' 159,  178 

Troughs,  description  of 68,  281 

Turbidity.  Clark's  standards 232 

determined  in  sand  filter  effluents 162 

settled  sprinkling  filter  effluents 319 

See  also  suspended  matter. 

Uriderdrains,   clogging,  in  sprinkling  filters 309-  10 

in   contact   filters,    deposit   in 263 

sand  filters,  construction  of 63-  65,  155 

sprinkling  filters 279 

nitrification  and  aeration  in  sprinkling  filters,  relation  to 302 

Uniformity  coefficient 65 

Uniformity  of  flow  in  grit  chambers 78 

septic  tanks 117 

settling  tanks 92 

Velocities  of  flow,  chemical  precipitation  tanks 133 

grit  chamber,   original 76.  81.  84 

remodelled 76,  81.  84 

septic  tanks 110 

settling  tanks 88.    93 
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Velocities  of  flow — Continued 

subsidiary  settling  tanks 318 

200-foot  tank 103 

Voids,  causes  of  loss  in,  in  contact  filters 259-  60 

initial,  in  contact  filters 228 

sprinkling  filters 280 

loss  in,  in  contact  filters 259-  61 

reduction  in,  in  sprinkling  filters 307 

Volatile  matter,  see  total  organic  matter. 

Waste  weir 60 

Water  supply,  character  of '      16 

cisterns  and  wells 16 

consumption  per  capita  daily 16 

by  industrial  concerns 341-  43 

hardness 16 

Weighted  averages " 25.    33 

Wells,  chlorine  in 50,  343 

Well  water,  consumption  of 16 

Wind  action,  effect  of,  on  settling  tanks 96 

Winter  weather  conditions,  coke  strainers,  effect  on  operation  of 140.  143 

contact  filters,  effect  on 267 

opert  septic  tanks,  effect  on 124 

sand  filters,  effect  on 159-  60 

sludge  liquifaction,  relation  to 130.  152 

sprinkling  filters,  effect  on  sprinkling  nozzles 311-  13 

See  also  temperature. 
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